Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



lyGOOgIC 





^-"1 , , Google 



lyGOOgIC 



t: Go ogle 



lyGOOgIC 



t: Go ogle 



lyGOOgIC 



lyGOOgIC 



THE ART OF AVIATION 
a ttanbboof: 

AEROPLANES AND THEIR ENGINES 
WITH NOTES UPON PROPELLERS 



lyGOOgIC 



lyGOOgIC 




lyGOOgIC 



t: Go ogle 



The Art of Aviation 

Al '^OPLANES AND THEIR ENGINES 
Wn H NOTES UPON I'ROPKLLKKS 



ROBERT \V. A. BREWER 



\at:n timnexpuB Jllufltrationff ano T'lincneloncd Duwfnge 




NKW VOKK 

M.GRAW-HH.L BOOK COMI'AXy 

zy? WEST 3vrii STREET 

LONDON 

CROSBY LOCKWOOD AND SON 



lyGOOgIC 



lyGOOgIC 



The Art of Aviation 

a toanDbooli 

AEROPLANES AND THEIR ENGINES 
WITH NOTES UPON PROPELLERS 



ROBERT W. A. BREWER 



milttb tlumeioue d^Uusttatlons ant> SHmensioncD Btawfnge 




NEW YORK 

MCGRAW-HILL BOOK COMPANY 

239 WEST 39TH STREET 

LONDON 

CROSBY LOCKWOOD AND SON 

19T0 



lyGOOgIC 



SE^'h-.-WL 



t: Go ogle 



To a companion whose counsels 1 highly 
esteem in moments of success or depression, 
who has always been to me the truest of 
friends, this book is dedicated, in the sincere 
hope that the science of aviation will one day 
be advanced a step by 

THE AUTHOR. 



20500 I 

n,gti7cdT:G00glc 



t: Go ogle 



PREFACE. 



This work is intended to deal more with the practical 
aspect of flying machines than the theoretical, and it is 
therefore written with the object of interesting the 
majority of the thinking public. The theoretical aspect of 
mechanical flight and aerodynamics has been so very 
ably dealt with, that it would be out of place to attempt 
to do more than touch on the fringe of the subject here. 

The author of this book has been for some time more 
intimately connected with the construction of flying 
machines, and of engines of the high speed internal com- 
bustion type, and many practical notes upon these subjects 
are embodied herein. There are a number of works deal- 
ing with the underlying principles of dynamic support 
which may be consulted, and the author of this little 
work attempts to strike a line between the highly scientific 
and the purely descriptive side of this most interesting 
subject. 

It has been necessary and advisable to introduce 
certain descriptive matter, and by the help of the illustra- 
tions this has been condensed as far as possible, only a 
few of the leading types of flying machines and their 
engines being dealt with. In several places throughout 
this book explanations are given of the use of various 
controls at present adopted in aeroplane practice, and hints 
on the Art of Aviation and the early difficulties of the 
learner, may prove useful to those who are contemplating 
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becoming successful fliers. In a subject which makes such 
rapid strides as that of Flight it is difficult to be absolutely 
certain of data, makers varying their designs radically and 
frequently. Care has been taken to give correct figures 
when possible, and where mistakes or discrepancies occur 
the author trusts these will be excused. 

There are a number of tables throughout the book and 
in the Appendix, which should prove of some use in work- 
ing out aeroplane problems ; but it is not intended that an 
aeroplane could be designed upon data contained herein ; 
certain of the fundamental formulae will be found in other 
works devoted more particularly to the mathematical side 
of the subject The author is indebted to the proprietors 
of Flight for permission to make use of some of their 
drawings as a basis for the production of several plates 
at the end of the book. Acknowledgment and thanks 
are tendered to the proprietors of the Aero for the loan 
of numerous photographs, which are reproduced, and for 
permission to use certain tables of strengths of materials. 

The illustration on the front cover is from an original 
sketch entitled " The Aerial Scorcher of the Future," by 
E. Wake Cook, Esq., by whose kind permission it is 
reproduced. 

R. W. A. B. 

London, April 191a 



t: Go Ogle 



CONTENTS. 



INTRODUCTION - 



CHAPTER I. 

A Comparison between Monoplanes and bi 

of the Learner with the Respective Typ 



CHAPTER II. 



CHAPTER III. 
Early Models — Henson's Machine and its Great Conception - 

CHAPTER IV. 
Engine Problems and Principles of Design — The Siie of 
Engines and Horse-Power Required — Types of Engines : 
Rotary, Vee— Radiation Facilities — Reliability — Elimina- 
tion of Aluminium ^Stresses in a Crank Chamber — Lubri- 
cation, The Necessity for Efficient Systems — Crank 
Chamber Lubrication— Carburat ion— The Necessity of a 
Carburettor and Throttle Control—The Lack of External 
Heating Arrangements 

CHAPTER V. 
Description of Engines— Antoinette r Conditions for the Elim- 
ination of Vibration— Gnome : Methods of Manufacture 
and Construction, Details of all the Working Parts — 
Esnault-Pelierie : Main Details, Firing Arrangements, 
Valve Arrangements — Anzani : Cylinder and Firing 
Arrangements — Pipe : Arrangement of Air Cooling, 
Materials of Construction, Cam and Valve Mechanism 



lyGOOgIC 



xii CONTENTS. 

CHAPTER VI, 

Engines Continued — Gobron-Briltie ; Method of Operating 
Valves, Carburettor — Panhard — Aster — Darracq — 
Wright — E.N.V, : Details of Lubrication and Consump- 
tion of Fuel, Firing Sequence— Green : Arrangement of 
Water Jackets— Simms : Inlet Valves— N.E.C. : Two- 
Stroke System — Details of the Leading Types - 



CHAPTER VII. 
Propellers r The Theory of Propulsion, Relations between 
Pitch, Speed, Diameter, Thrust, and Horse-Power — The 
Chauviere Propeller 8s 



CHAPTER VHI. 
Efficiency of Propellers : Examples for Different Propellers, 
Efficiency by Horse-Power Method and by Thrust Method 
of Calculation— Tables of Efficiencies .... 



CHAPTER IX. 
Materials of Construction for Aeroplanes : Wood, Tubii^, 

Wire, Fabric — Tables of Permissible and Maximum Stress 1 15 

CHAPTER X. 
Details of Manufacture : Wire Strainers, Wood Sections, 

Methods of Fixing, Suspension— Stresses in the Structure ti? 

CHAPTER XI. 
Successful Monoplanes— Antoinette : Types IV. and VII. — 
EsnauU-Pelterie- Bl.friot : Types IX., XL, XIL, Details 
of Construction and Control^ Santos Dumont ; General 
• Description and Details 136 

CHAPTER XII. 
Biplanes — Wright and Voisin Compared — The Later Voisin 
Machine — All the Leading Details Given and their Main 
Points Explained 154 



t: Go Ogle 



CHAPTER XIII. 
The H. Fannan — Curtiss— Maurice Fannan and Cody Machines 
— Table of Particulars of the Leading Machines 



CHAPTER XIV. 
Progressive Monoplane Records— Biplane Rceords^Rheims 
Records and Performances during the Year 1909, with 
Illustrations of some of the Notable Machines - 



CHAPTER XV. 
The Art of Flying — Early Difficulties — Gliding Experiments- 
Points to be Remembered — Transpiort of Gliders — Steering 
— Balancing — How to Manipulate a Flying Machine, and 
the Effect of the Various Controls 



CHAPTER XVI. 
Future Developments — A Glimpse of Possibilities to be At- 
tained and their Prospects of Success— The Use of Flying 
Machines in Warfare and Exploration - . . . 



CHAPTER XVH. 
Glossary of Terms and Explanation of the Functions of each 
Part of a Flying Machine - 

Appendix of Tables and Useful Data - - - . 



lyGOOgIC 



t: Go ogle 




AEROPLANES AND THEIR ENGINES. 



INTRODUCTION. 

A CELEBRATED student of aeronautics recently observed 
that "if you had a tea-tray and a sufficiently light and 
powerful motor, together with effective propellers, nothing 
on earth could prevent your flying if you once got up the 
requisite speed." And this statenient in its crudity is 
sufficient explanation of the possibility of attaining flight 
with a correctly designed aeroplane. Wc have here the 
three essential principles — the surface, the power, and the 
speed — and a combination of these, /efficient as a whole, 
having an individual efficiency of ^ach of its composing 
members, is the underlying essential principle of a flying 
machine. / 

To many it may seem that ihe flying machine is a 
recent development, and that it/is only during the year 
1909 that any success has bepn attained by machines 
of this description. Those who have been intimately 
acquainted with the private endeavours of inventors of 
such machines, can appreciate the enormous development 
which has recently taken place, and the tremendous amount 
of experimental work previously carried out It is only 
the successful attainment of the actual art of flight which 
has attracted the attention of the whole world. Until 
recently, successful flights of biplanes have only been 
reported, and progress has therefore been carefully watched 
by the world at large, interest naturally becoming centred 
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2 AEROI'LANES 

Upon machines of this class. Any extensive flight which 
has been made with these machines has only appeared as 
an improvement upon a previous record. With regard, 
however, to monoplanes, in spite of many years of study 
and experiment, machines of this type had, at that time, 
only managed to flutter or take, at the most, long jumps 
across the ground. 

Without previous warning or self-advertisement of any 
kind, we suddenly hear of extremely successful flights 
made by monoplanes. The only indication that serious 
work could be done by such a type of machine was 
perhaps the flight of M. Bloriot from Toury to Arthenay 
and back with one stoppage on 31st October 1908, a 
distance of 14 kilometres in eleven minutes. 

When, however, we come to study the question of aerial 
flight, ,we find that the earliest experimenters devoted 
themselves almost entirely to the monoplane principle. 
This was, no doubt, due to the endeavour of man to imitate 
mechanically the shape of the wings of a bird. There is, 
in the Victoria and Albert Museum, South Kensington, a 
model of a machine made more than sixty years ago by 
Henson and Stringfellow. The model was built in accord- 
ance with data given by Sir George Cayley, who made a 
very deep study of flight a century ago. It is stated that Sir 
George's insight into the problem of aviation was profound, 
but neither his oivn generation nor his successors realised 
his merit, for he was so much in advance of his time that 
it has needed an interval of a hundred years to demonstrate 
the truth of his assertions. Sir Geoi^e Cayley anticipated 
the advent of aeroplanes as he foresaw the great difficulties 
associated with dirigible balloons on account of their huge 
size. He experimented to determine the lifting effect 
which could be obtained from surfaces moving through the 
air at slight inclinations to the horizontal. He also sug- 
gested the use of a tail as a means of obtaining automatic 
longitudinal stability, and he showed how the pivoting of 
that tail would enable it to be used as an elevator. He 
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HENSONS MODEL J 

also deduced the advantage of wing flexion from his 
observations of bird flight. 

Henson's model, which is shown in diagram in Plates 
I. to IV. and described in detail in Chapter 111., was pro- 
duced in 1843, and was for a steam-driven monoplane 
embodying Sir George Cayley's principles. It has two 
paddles 3 (t. in diameter, with their blades set at 45°, 
these paddles being placed behind the main surface. 
Behind the propellers is a fan-shaped tail which can be 
opened or closed, as well as moved in a vertical plane, 
by means of cords arid pulleys, this latter movement 
causing the machine to rise or fall. The actual dimen- 
sions of the model are 20 ft. across the main plane by 
3.5 ft. wide, giving 70 sq. ft. of sustaining surface to the 
main plane and about lo sq. ft. to the tail. 

It may seem, therefore, somewhat strange that over 
sixty years have elapsed before actual results have been 
obtained with a full-sized machine, but this is accounted - 
for by the fact that it is only during the last few years 
that a sufficiently light and powerful motor has been 
produced. 

In spite of the time which has been taken in the 
development of practical flying machines, and the enormous 
amount of experimental work that has been done, it is 
satisfactory to know that the loss of life which this work 
has claimed has been so .small, particularly in view of the 
hazardous nature of the experiments. Probably this may 
be due to the intrepid nature of the experimenters, as 
although falls have been many, the type of man has been 
such, as generally escapes without serious injury. Now 
that the preliminary scientific work is practically com- 
pleted, men of this type may perform the most unexpected 
feats of flying. 
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CHAPTER I. 

A COMPARISON BETWEEN MONOPLANES AND 
BIPLANES. 

We cannot say whether one type of machine or another 
is the correct type for flying. Each one has its advantages, 
and if the general principles of design are correct, there 
is no reason why several types of successful flyers should 
not be produced.* From the author's point of view, how- 
ever, the monoplane is the most likely to be satisfactory 
for certain purposes, and his reasons for this statement 
are as follows ; — 

Primarily with regard to safety. It is a well-known 
fact that in order to maintain reasonable stability in the 
air, it is necessary that the maximum velocity of the 
machine should be about twice the velocity of any gust 
which it is likely to encounter. It must be borne in mind 
that one depends entirely upon one's velocity relatively to 
that of the surrounding atmosphere, for sustcntation, and 
that if these relative velocities are not maintained, the 
sustentation at once diminishes, and the machine comes 
to earth. 

The monoplane is essentially a high speed machine, 
and whereas in the case of a biplane about 2 lb. per square 
foot is the average sustaining effect of the planes, in the 
case of a monoplane this figure must be nearer 5 lb, per 
square foot.f Owing to structural difficulties in manu- 

* The flights of the year 1909 confirni this theory. 
t See Table on page 178. 
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FLEXIBILITY AND RIGIDITY S 

facturing a large plane area of the latter type, the sustenta- 
tion is naturally obtained as a result of speed, so that if 
the speed is kept high, it is possible to make the sustaining 
surface small. The question then arises whether a certain 
sustaining area should be put into one plane or several. 
The reasons in favour of the single plane are as follows : — 

Monoplane construction is flexible to a certain extent, 
as the ends of the plane are only connected by guys, some of 
these being attached to the controlling mechanism which is 
operated by the aviator. This enables the plane to warp 
if struck by a gust of wind, and in most constructions a 
double warp results, that is to say, should a gust strike the 
trailing edge of one wing, this edge immediately tends to 
assume a position parallel to the earth's surface, that is, its 
angle of incidence is automatically altered by the pressure 
of the wind, and the interconnecting mechanism will lower 
the trailing edge of the other wing, thus tending to restore 
stability. One would think, therefore, that monoplanes 
would be able to fly on fairly windy days, and recently the 
exploits of M. Latham have proved this to be the case. 
The higher velocity of flight of the machine having the 
smaller surface area also tends to increase its safety by 
reducing the risks from gusts of wind. 

The rigid construction of a biplane does not lend itself 
to this automatic action, and in addition the rigid connec- 
tions between the two planes must be maintained by means 
of wood or metal supplemented by wires which all offer 
some resistance to the air, and the amount of resistance 
which is produced by a vibrating wire is surprising. 

Now, considering the matter from the point of view of 
the biplane, we return at once to the question of velocity 
of flight and sustentation, and to the beginner the former 
is of great importance. The learner in every other sport is 
able to prioress by easy stages, the motor car driver, for 
instance, may proceed slowly until he has obtained mastery 
of the art of steering. A flying machine, however, has 
a critical minimum velocity at which sustentation occurs, 
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6 AEROPLANES 

and such being the case, early flights must consist of 
flutters or hops until the budding aviator has obtained 
sufficient confidence to increase his velocity and remain 
for longer periods in the air. The biplane here has the 
advantage, as owing to its surface being generally of 
lai^er area than that of a monoplane, sustentation usually 
occurs at a velocity of approximately 30 miles per hour 
relatively to that of the air. 

The beginner would be well , advised to commence 



operations in a fairly still atmosphere and facing a wind 
of say s miles per hour. The soaring velocity of the 
machine relatively to the land must be, therefore, of the 
order of 25 miles per hour. In the case of some mono- 
planes a considerably higher velocity is necessary, and 
more nerve or confidence will be required in order to com- 
mence operations at these higher speeds; further, the first 
wish of the learner on leaving the earth being to return to 
it again as quickly as possible, this at high speeds becomes 
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LEAKNING TO FLV 7 

a dangerous proceeding. The question of the inertia of 
the machine as a whole must be taken into account, and 
a fall at a high velocity may be expected to be more 
serious than at the lower velocity of the biplane. 

There is another point of great importance and one 
which the learner at once discovers on making his initial 
trials, and that is the great difficulty of judging one's 
position relatively to the earth, and also the velocity of the 
machine and its direction of motion in a vertical plane. 
Generally speaking, the position of the aviator in a biplane 



is more convenient from which to make observations of 
this character than is the case with a monoplane. In the 
latter machine the aviator's seat is usually near the trailing 
edge of the main planes, and when the n»achine is in flight 
these plane obscure the view almost entirely ; unless an 
elevated landmarkisavailable, the difficulty of locating one's 
position and direction must be very considerable. 

The forward position obtained in biplane construction 
does not entail these difficulties to anything like so great 
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8 AKROPLANES 

an extent, and particularly is this noticeable in the Farman 
machine, where the aviator has a clear view both forwards 
and directly downwards. It may be considered an advan- 
tage to be able to observe the front elevator which is in 
many instances fitted to biplanes as distinct from the tail 
of a monoplane, but on the other hand the latter machine 
usually has its engine in view of the aviator, but it is only 
the expert who has time to give any attention to it With 
reference to engine position an important feature is often 
lost sight of, and that is the relative safety as far as the 
aviator is concerned of various engine positions. 

We may say with some degree of certainty that the 
sadly fatal accidents to both Captain Fcrber and M. 
Lefebvre were due to the engine being behind the aviator 
and crushing him when the machine fell forward. When the 
engine is placed in front this is not so likely to occur ; both 
positions, however, lend themselves to direct connection 
between engine and propeller, as instance the Bl^riot and 
Antoinette monoplanes and the Farman biplane. In some 
of the latest monoplanes this difficulty of observance is 
avoided by placing the aviator's seat below the main planes, 
[t is quite remarkable how soon several beginners have 
acquired the art of flight with monoplanes, and provided 
one has sufficient nerve and presence of mind, the high 
engine powers now employed may in a measure account 
for these successes. 

Learning to fly with a monoplane is undoubtedly a 
more simple matter than with a biplane of the Wright 
type, the former when of the Bl^riot type is much lighter, 
and its inertia in flight is therefore less. Successful be- 
ginners of the monoplane school vastly outnumber those 
who are learning to fly biplanes, and the time taken during 
the process is generally much shorter. 
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CHAPTER II. 

THE FORM OF AN AEROFOIL, AND STABILITY. 

From the earliest stages of the consideration of flight by 
man. Nature's shapes have been studied, with the result 
that observations of birds' wings in flight have been the 



Fig. 3.— a Sludy of Bird Flighl. 

basis for investigation (Fig. 3). It will be noticed that the 
model of Henson (Plates I. to III.) is fitted with wings in 
a manner resembling those of a bird, and that the planes 
are of arched section (Plate IV.)- The section of the wings 
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to AEROPLANES 

of birds which are capable of sustained fli^rht are all of this 
form, and have a dipping front edge. It is a curious fact 
that this dipping edge has only been observed compara- 
tively recently, the curvature and shape of the thickened 
leading edge is known as " Phillips' Entry." 

Phillips' specification, No. 13,768 of 1884, shows aero- 
curves of some difference, some are shown in Fig. 4 ; A, 
however, was a repHca of Henson's. The theory of Phillips 




Fio. 4. — I'billips' Aerofoil Curves. 

was that the shape of the upper surface at his entrant edge 
caused the air to be deflected upwards after meeting the 
upper side of the entrant edge of the plane, and thus to 
form a partial vacuum above the after surface of the plane. 
Fig. 4, A, shows a plain single curved surface of steel, 
the leading portion nearly horizontal so as to meet the 
air without shock. The body of air is gradually deflected 
downwards, and it is the reaction of this downward de- 
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PHILLIPS AEROFOILS II 

flection of the air that causes an equal and opposite 
upward lift upon the plane. 

The motion of the. air in a downward direction should 
be gradually accelerated until the trailing edge of the 
plane is reached in order to secure maximum efficiency. 

The form of the curvature to produce this result is 
therefore hyperbolic. 

Structural difficulties occur in making a thin plane, 
such as shown in Fig. 4, A, so Phillips produced the design 
of Fig. 4, B, combining rigidity and strength of structure 
with his previous under curvature. 

The whole of these designs were the result of a lai^e 
series of practical experiments, and it will be noticed that 
the convexity of the upper surface must be made greater 
than the concavity of the lower one, the combination of 
these two curvatures at the leading edge producing a 
more pronounced vacuous effect above the aerofoil. 

Phillips found that this vacuous space extended farther 
forward than in the case of the single curve, and the in- 
creased effect balanced the increased head resistance due 
to the blunter entry. 

This blunt entry is, however, in no way really detri- 
mental, as it conforms to true stream-line curvature, the 
trailing form being of greatest importance, as it is here 
that the maximum eddies would be produced in a badly 
designed body. * 

Phillips' specification. No. 13,311 of 1891, shows an 
aerofoil of the section given in Fig. 4, c, and is designed 
to have greater width in direction of motion, and is there- 
fore made more substantial. 

Greater lift can be obtained by increasing the chord 
up to a certain point without disproportionate increase of 
skin friction. Phillips does not favour the dipping front 
edge as in Fig. 4, D, in fact, he strongly condemns its 
adoption, due to the eddies formed in the leading portion 
of the concaved surface, marked A in the figure. He 
also states that it requires more power to propel such a 
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12 AEROPLANES 

surface, its drift is greater, and it has a tendency to dive 
downwards. 

Laiichester states that the theory of Phillips is in- 
complete and erroneous, though that fact in no way 
detracts from the validity of the patents. 

The question of dynamic support is the fundamental 
one of aeronautical science. Dynamic support can only be 
obtained in air as a result of putting in motion a mass of 
some sort, and that mass must be air. Newton's law is to 
the effect that momentum generated in a mass in unit time 
is proportional to the force acting upon it. In the form of 
an equation, 



where F = force, j« = mass, /= time in seconds, and i' = the 
velocity in units per second, and for a solid body this is 
easily understood. 

In the case of air wc must consider the mass to be the 
sum of an infinite number of particles of air which are set 
in motion by a moving plane, and the motion is imparted 
continuously to the particles the whole time the plane is in 
motion. This is equivalent to the movement of the whole 
mass of air which comes in contact with the under surface 
of the plane, this mass being deflected downwards by the 
curved plane. There is consequently an equal and opposite 
force acting upwards upon the plane, this force being 
divided into two component-i, that sustaining the plane in 
the air called the "lift," and that acting in a horizontal 
direction to overcome the skin friction of the machine 
this is called the "drift." 

Now, continuing Newton's theory, when VV = the weight 
supported, H/ = the mass of air projected per second, t' = the 
velocity of e/ownward discharge in linear units per second, 
we have : — 

W = r/iv, or V = — , 
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and E = the energy expended per second : — 

E = ^mif^, and = — 

If the weight to be sustained is constant, the energy 
expended varies inversely as the mass of the air moved per 
second. We find, however, in practice that the weight 
sustained by a plane varies approximately with the area 
of the plane and the density of the fluid, and as the square 
of the velocity of the plane relatively to the air. 

The action of the plane being to deflect downwards a 
layer of air, when the angle of incidence of the plane is 
small it may appear difficult to contemplate the thickness 
of the layer of air affected. The layers of air in immediate 
contact with the surface will in turn affect those neighbour- 
ing them, and so on until the magnitude of the deflection 
becomes inappreciable, so that a considerable thickness of 
air stratum will be set in motion. Lanchester states that 
the factor limiting this thickness is the size and shape of 
the plane, as the more remote layers escape only by reason 
of the local circulation of air between points of greater and 
lesser pressure. This circulation depends upon the size 
and shape of the plane, and but little upon its angle, 

Langley found that with superposed planes, 1 5 in. span 
by 4 in. chord, and at angles of incidence of less than 10', 
such planes do not appear to have any loss of sustentation 
power if they are separated by a distance of 4 in. The 
conclusion, therefore, is that 4 in. will be a fair assumption 
as to the thickness of this layer of air. In considering the 
deflection of the stratum of air the elasticity of the medium 
must be borne in mind. An inelastic medium would have, 
of course, an infinitely thick stratum to deflect, as each thin 
layer would be deflected and lie parallel to its neighbour, 
!>., the medium below the plane would be deflected in a 
stream parallel to the trailing angle of the plane for an infinite 
distance below it, or would spread out laterally fanwise. 

Owing, however, to the elasticity of the air, the ampli- 
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14 AEROPLANES 

tude rapidly decreases as we leave the vicinity of the plane, 
and eddy currents pass from the lower or pressure side of 
the plane to the upper or rarefied side. 

If the air is abruptly parted, the sudden alteration of its 
relative momentum causes a thrust on the body causing 
this movement, the partial vacuum at the rear of the moving 
body increases this resistance, and the skin friction of the 
body has some effect depending upon the roughness of its 
surface. 

The air on being parted does not fflove in smooth 
stream lines, but in a series of eddies, the kinetic energy of 
which must be supplied by the source of energy moving 
the body. 

The shape of the body determines to a great extent the 
energy which will be lost in forming eddies, the magni- 
tude of the energy will also be proportional to the square 
of the velocity of the body. 

The dynamic resistance of a plane moving in a direc- 
tion normal to its surface depends on the mass of air 
affected, and this is proportional to the area, so that — 
If P = the total pressure in pounds, 
S = the area in square feet, 
V = the speed in feet per second, 
k = the mass of a cubic foot of air divided by 3 
= cfooi2 at normal temperature and pressure, 
« = the ratio of the dynamic to the negative pressure and 
generally rather more than a. 

p = A^,+i)SV2, 

and k\\-\--\ varies according to different experimenters 
from 0x1013 to O"0oi7. Langley's value being the latter, 
and substituting it we have ; — 

P = iSV« 
If the plane, instead of being moved in a normal direc- 
tion, makes an angle of incidence, y, to the direction of 
motion, the dynamic action is no longer symmetrical and 



t: Go Ogle 



DYNAMIC RESISTANCE OF A PLANE IS 

skin friction comes into account, also the negative pressure 
decreases as the vacuous space behind the moving plane 
becomes less. For all ordinary angles of incidence between, 
say, 2° and 40", the following relation holds good : — 

When the angle of incidence decreases to zero the resist- 
ance is that of the entrant edge and skin resistance. 
Lanchester makes this approximately : — 



Thus the coefficient of skin friction is more than g per cent 
of the coefficient of resistance. 

Curved surfaces show a similar resistance to flat surfaces. 
When the curvature is definite the coefficient is somewhat 
higher. 

The dynamic resistance over the whole surface is not 
symmetrical, the resultant pressure being ahead of the 
centre of the area, a distance depending upon the angle of 
incidence of the surface. 

If A is the distance in feet from the entre of pressurec to 
the centre of area, and L = the length of plane in the direc- 
tion of motion, 

A = o.3(r-siny)L. 
(Joessel and Aranzini's formula.) 
At normal inclination of, say, 10°, the centre of pressure 
is about one-third of the length of the chord from the 
leading edge. As the angle of incidence decreases, the 
centre of pressure moves forward until a critical angle is 
reached, when it rapidly moves backwards. 

In order to have conditions of stability the centre of 
pressure and the centre of gravity must coincide* ; if this is 
not the case a turning moment will be set up about the 
centre of gravity, the magnitude of which will be the 
intensity of the stress upon the centre of pressure into 

* In actual flight the centre of gravity should be slightly ahead of 
the centre of pressure. See page 17. 
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the distance between the centres of pressure and gravity. 
If the angle and the normal pressure are constant this 
turning moment is constant and can be neutralised by 
moving either the centre of gravity or that of pressure 
until the two coincide. Early experimenters endeavoured 
to move the centre of gravity by shifting their body or legs 
in imitation of a bird, which throws forward its head or 
legs to suit the prevailing conditions. The Wright brothers 



discovered that it was much easier and at the same time 
quicker to move the centre of pressure, and for this purpose 
designed the front elevator plane so that its sustentation 
powers could rapidly be altered by altering its angle of 
incidence (Fig. 5 and Fig. 6). 

An aeroplane is longitudinally .stable if the following 
two conditions are maintained (Chatley and Captain 
Ferber) : — 
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I. That the iongitudJna! radius of gyration about an 
axis through the centre of gravity does not exceed — 



^H 



where P = weight of aeroplane in kilogrammes, and 

6 = overall width of the machine in metres, the radius 
of gyration being in metres. 

2. That the centre of gravity falls over the centre line 



¥[ii. 6. — Messrs C^ilvie and SeatEghl's Wrighl-Clnrke Glider preparing for 
the First ExpeiinieDl, the Angle of Incidence of (he Elevator is Apparent. 

between two points, one a little ahead of the centre of area 
of (he sustaining surfaces, and the other near the forward 
edge of the aeroplane, 

The exact values of these positions involve complex 
equations. 

If the centre of gravity coincides with one of these 
points, the machine is subject to two oscillations of long 
and short periods respectively, any increase of which would 
be fatal. The action of a machine in flight is somewhat as 
follows: — The resistance of the machine in flight tends to 
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slow it, and to cause the front to dip; the centre of pres- 
sure moves forward, and tends to restore the plane to its 
original position ; the downward velocity caused by gravi- 
tation tends to increase the speed of flight, so that if the 
machine is stable the conditions will balance. When the 
machine settles down to a condition in which the resist- 
ance due to the resultant velocity just balances the com- 
ponent of weight in the direction of motion, steady hori- 
zontal flight will ensue ; if the velocity is reduced, the 
machine will drop and gain kinetic energy until its critical 
velocity is acquired. If, however, the velocity of the 
machine is increased, it will rise and gain potential energy. 

Weight — The relations between weight and sustenta- 
tion area have already been referred to, and taking 7 as 
the angle of incidence, when 7 is small — 

Let cos y -. I, and sin 7 = I,, and S = the area — 0004, 
iA = (z xo'ooi7)+o'ooo6 (a constant), 
W = 2itSV" sin 7 cos 7, 
W = O0013 SV^, 



If V = 2o miles pirr hour = 30 ft. jwr second, say 

S = W ; that is the area in square feet = the weight in pounds. 
To find the thrust required: — 
If H = the foot pounds per second, 

R ~ the resistance of the machine in pounds, 
P = the total pressure on the planes in pounds, 
S =the area in square feet, 

R = Psin7 = aX-SV^sin''7.* 
(Sine — cosine — tangent. See end of chapter for 
explanation.) 

If C = the projected area of the machine as a whole in square 
feel, a further resistance, CV-, must be allowed. 
II = (R + CV-')V = (li-a sm^ 7 + C)V3. 
Thus the power varies as the cube of the speed. 
* Sec Table and Notes in Appeniiix. 
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If we decrease y, and keep C constant, and keep in 
view the fact that y has a limiting value determined by the 
weight of the machine so as to maintain the lift — 
When the motion is horizontal, 

W = P cos 7 = lASV^ sin y cos y, 
and when V is known, y can be found ; the value for V will 
be the soaring speed of the machine. 

Now H = TV; that is, the thrust multiplied by the 
velocity is equal to the foot-pounds per second, 

■ T^R+cy^^ 

■ W W 
and neglecting the second term which is small, 

lan y = sin y=^3 or i, 

3 or 4 
Mr Thurston gives its value, however, as — 

•-■=?■ 

If a propeller thrust of I2 lb. per horse-power, then * 



then W = 48 H, 
so that I H.P. would be required per 48 lb. weight as a 
limit. 

Sine. — The meaning of this property of an angle can 
be simply explained as follows : — Suppose we have an 
inclined plane, and a wooden block Is moved along it from 
the bottom to the top, the block will attain potential energy, 
or in other words its position with regard to its distance 
from the centre of the earth will be increased. The ratio 
of the height it will be raised to the length of the path it 
has traversed up the inclined plane is numerically equal to 

* The Aniani-Chauvitre combination gives a thrust of approx. 
10 lb. per H.P, against a fixed point, and \V=33'4H approx. in the 
ItMriot XI. type. In flight, of course, this thrust is lower. 
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the sine of the angle that the face of the plane makes with 
the horizontal. 

Tangent — Supposing now that in moving the block 
along the plane the distance traversed is reckoned in a 
horizontal direction only, the ratio of the iieight the block 
was raised to the horizontal displacement will be numeri- 
cally equal to the tangent of the angle that the face of the 
plane makes with the horizontal. It will be seen that when 
the angle is small the values of the sine and the tangent 
are approximately equal.* 

If we have an elastic medium such as air, and the block 
or its equivalent is arranged to move on an inclined plane, 
being analogous to the angle of incidence of an aerofoil, 
and the block is moved, its path will not be upwards 
necessarily owing to the displacement of the elastic medium. 

If the path of flight is horizontal, instead of the block 
or aerofoil attaining potential energy it will impart energy 
to the air, and the slip will be ICX3 per cent. The effect 
would be similar in the case of a solid to the block de- 
pressing or levelling out the inclined plane. Under such 
conditions it will be the tangent of the angle which concerns 
us. Now, still further making a supposition, the flight path 
is inclined upwards, this additional angle is applied ad- 
jacently to the previous angle, and the slip in the former 
conditions being exactly loo per cent., the second angle 
must be considered for its sine value, so we have the sum 
of the tangent of the normal angle of incidence, and the 
sine of the angle of ascent. We can write this down as 
twice the sine or the tangent of either angle if we please, 
when the angle is small and the relation of one value to 
the other will be unity. 

The Cosine of the angle is the ratio of the length of 
the path along the inclined plane to the horizontal path, 
and it is obvious that when the angle is small its value is 
approximately unity. 

• A table of these values is yiven in the Appendix. 
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CHAPTER III. 

EABLY MODELS. 

Henson's Machine (Plates I. to IV.). — This machine has 
been referred to in the opening chapter, and owing to the 
remarkable nature of Henson's discoveries, will be treated 
here in detail. Although Henson invented his machine in 
the year 1835, it was not until the year 1842 that he filed 
his final specification which was finally sealed on 29th 
March 1843. Henson is described in his specification as 
an engineer, and his foresight and ability should rank him 
as one of the foremost of his profession. The specification 
is for " Improvements in locomotive apparatus and 
machinery for conveying letters, goods, and passengers 
from place to place through the air, part of which improve- 
ments are applicable to locomotive and other machinery 
to be used on water or on land." The commercial instinct 
was here evident, although even at this present time 
aviation is still considered as a sport rather than as a 
commercial problem. 

The specification describes the invention as relating 
first to the construction of locomotive machinery and 
apparatus for conve)'ing letters, goods, and such like 
through the air; and secondly, to certain improvements 
in steam boilers and machinery. It is only to the first part 
that we will give consideration at present: — 

"If any light and flat or nearly flat article be projected or 
thrown edgewise in a slightly inclined position, the same will 
rise in the air tilt the force exerted is expended, when the article 
so thrown or projected will descend; and it will readily be 
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conceived that if the article so projected or thrown possessed 
in itself a continuous power or force equal to that used in 
throwing or projecting it, the article would continue to ascend 
so long as the forward part of the surface was upwards in respect 
to the hinder part. Such an article when the power was stopped 
or when the inclination was reversed would descend by gravity 
only if the power was stopped, or by gravity aided by the force 
of the power contained in the article if the power be continued, 
thus imitating the flight of a bird." 

The first part of the invention consisted of an apparatus 
so constructed as to offer a very extended surface or plane 
of a light but strong construction resembling the wings of 
a bird when the bird is skimming through the air, but in 
place of these wings having any reciprocating movement 
as have a bird's wings, suitable paddles, two in number, 
were fixed at the rear of the main supporting planes. 

In order to give control to the whole construction, a tail 
(Plate IV.) was provided capable of being raised or inclined, 
so that when the power acted to propel the machine, the tail, 
when inclined upwards, offered resistance to the air, thus 
causing the machine to rise on the air. Conversely when 
the inclination of the tail was reversed the machine was 
immediately propelled downwards, the path of flight being 
proportional to the inclination of the tail. In order to 
guide the machine as to lateral direction, a vertical rudder 
or second tail was provided, and according as this was 
deflected in one direction or another, so would the lateral 
path of the machine be directed. The main points in the 
construction of this machine were lightness combined with 
strength in respect to the machine itself — and lightness with 
respect to the magnitude of the power developed by the 
engine. 

Plate I. represents Henson's machine with the covering 
fabric removed in order to trace more readily the con- 
struction of the framework. Plate II. shows the same 
machine with the covering in place. Plate III. shows the 
underside view of the machine with the covering fabric in 
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place, and gives an idea of the appearance of the machine 
to an observer below when the machine is in flif^ht. Other 
figures are shown giving details of construction to a larger 
scale. Plate IV. shows a side view of the main frame or 
wings. Plate IV., fig. 5, shows a plan of the tail for con- 
trolling the direction of the machine in its upward and 
downward direction, and Plate IV., fig. 6, shows a side view 
of the same tail. Plate IV., fig. 7, shows one of the frame 
bars which run from front to back of the machine, and it 
will be noticed that the construction of this bar or pb is 
exactly in accordance with modern ideas for the construc- 
tion of this member. The arched form is also embodied 
though the curve is slightly different from the modern 
curve of Phillips. Henson states that he prefers the 
material to be wood or bamboo in order to obtain suffi- 
cient lightness combined with strength. Sections of the 
hollow wooden bars are also shown, and these are most 
interesting in view of modern construction, also the tighten- 
ing screws for the bracing wires of the rigging. 

It will be seen that the machine consists of a wide 
plane or surface extending on each side of the car or body 
of the machine. 

This body is intended for the conveyance of the letters 
or goods referred to before. The position of the propelling 
mechanism is also .shown, and it is distinctly stated that 
the location of this gear should be rather forward in the 
car, because, from experiment Henson found it desirable 
that the weight carried by such a tyjje of machine .should 
be forward. 

There was no doubt some experimental determination 
as to the position of the centre of gravity, and incidentally 
of the centre of pressure upon the supporting surfaces, but 
no reference is made as to either of these two important 
influences in the design of the machine. 

The machine was provided with three wheels so that 
it could run freely upon the earth without injury, and it 
was anticipated that, owing to the facilities for control 
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offered by the tail, the car could be governed in its descent 
so as to come to earth at an incline so slight that in taking 
the ground, very little shock would be perceived by the 
passengers. 

The wings were securely supported on the cantilever 
principle from tv\o masts fixed in the car, which rise above 
the upper part of the car. From the upper ends of these 
masts the main planes are suspended on either side, and 
the framing of the planes was braced to the lower ends of 
these masts. The suspension was by wires, preferably of 
an oval section in order to minimise air resistance. A is 
the fore mast and B the hind mast, and the suspending 
wires (i) (i) descend to the points (2) (2) of the lateral 
main bars c, D on either side of the car, and thus suspend 
these bars from the masts. 

The other suspending wires (3) (3) attached to the upper 
parts of the masts crossed each other, and were attached 
to the same points (2) (2) on the bars c, D, there being 
corresponding wires to the lower ends of the masts. Sus- 
pending wires (4) (4) were attached to the framework E, E, 
carrying the tail of the machine, and wires (5) (5) were 
taken from the upper part of the fore mast a to the 
front of the car, and wire (7) was fixed to the upper part 
of the fore mast, and attached to the hinder framing of 
the car. Other wire bracing is shown on the figures, and 
it will be noticed how complete was the triangulation of 
the .system, the object being to obtain great stiffness and 
strength combined with lightness of structure. 

The main bars C, d were made hollow, and the bar G 
was a plank of wood on edge, it being the central main bar; 
the.se three were fixed together by the end pieces H, H. 
The front bar I of the machine was combined with the 
other three main bars to form one framing by means of 
the additional bars H, J, K. 

The covering of the framework was of strong oiled silk, 
and these coverings were to be fixed to light frames, capable 
of sliding to and fro on the main bars c, d, c in such a 
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manner that the portion of the covering from the outer end 
of either side plane could be slid back from the beam K or 
J, as the case may be, by means of cords and a small 
windlass. 

The object of sliding these frames was that they might 
be drawn up when the machine was not in use. We also 
have here an anticipation of a variable surfaced machine, 
which, if it could be practically worked out, would be of 
immense value, enabling a large surface to be utilised for 
ri.sing from the ground or soaring, but capable of contrac- 
tion for rapid flight The tail also could be extended 
fanwise by means of cords and pulleys; other similar 
means were adopted for operating the tail and elevating 
rudder. 

Henson's calculations show that r sq, ft. of supporting 
surface would only sustain J lb. of weight of the machine, 
including machinery, fuel, and load, and his first machine 
was to weigh about 3,000 lb. The surface of the machine 
was to be 9,000 sq. ft. of main planes, and that of the tail 
1,500 sq. ft. more, and he expected to obtain 25 to 30 H.F, 
from his steam engine. 
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CHAPTER IV. 

PRINCIPLES OF DESIGN AND ENGINE 
PROBLEMS. 

When considering the design of a machine, the following 
points must be borne in mind : first, the weight of the 
complete machine with the aviator; second, the velocity at 
which this machine is to be projected through the air ; third, 
the horse-power necessary to produce this velocity. The 
elementary principles which govern these factors are dealt 
with in Chapter II., but one cannot definitely fix on all 
these limits in an arbitrary manner. Certain fundamental 
requirements must be decided upon, and the other dependent 
features must be carefully worked out and the whole of the 
results modified to suit each other as the conception of 
the machine proceeds. For instance, we may decide upon 
the velocity of flight, then the question of the size of the 
machine depends to a great extent upon the weight of the 
machine itself, because the factors of weight, head resistance, 
and skin friction must be counterbalanced by the support 
which the atmosphere affords when acting upon the lower 
surface of the supporting planes. Now the weight of tlie 
machine depends upon the weight of the motor, while that 
in turn depends upon the horse-power which it must exert. 
So that as the design proceeds it will be seen that certain 
matters crop up which necessitate slight modifications in 
order to fit in with the calculation for the whole machine. 
Great importance must be attached to the horse-power of 
the motor, because with any particular size of machine an 
increase of thrust to that machine makes an enormous 
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difference, as will be seen from the actual performances 
which have been carried out in France. Take, for instance, 
the performances of Bl^riot and Farman, who, each with 
small machines, succeeded in carrying, besides himself, first 
one passenger and eventually two ; the ratio of weight of 
these two passengers to the weight of the complete machine 
must have been very considerable. Increased weight can, 
as has been already shown, be carried by increasing the 
horse-power of the engine, combined, of course, with a 
suitable propeller for transforming that horse-power into 
horizontal thrust. 

Referring to the data given In Chapter II., we may 
take as an average that one thrust horse-power is required 
for every 34 lb. weight of machine, for aeroplanes of 
the usual types as made in 1909, flying at a speed 
of 30 miles per hour. This value cannot be taken as a 
hard and fast figure, and it depends naturally upon many 
ruling considerations such as air resistance and head 
resistance and the design of the propeller. 

The work required to impart a given speed to any 
machine is equal to hnv^ in foot-pounds per second. The 
attainment of flight, therefore, resolves itself into the 
expenditure of foot-pounds of work upon some resisting 
medium. It does not signify whether these foot-pounds 
are expended by the engine itself or by a falling weight or 
any other similar means. In addition to the above factors, 
the skin friction of the machine and the friction of its 
wheels or runners upon the ground must be taken into 
account It is evident, therefore, that in a machine of the 
usual type which relies entirely upon its engine to over- 
come this initial friction, the power of the engine must be 
sufficient for the purpose, and greater than that required 
to propel the machine at its soaring velocity in the air. 
Generally speaking, the difficulty of finding a suitable 
level starting track, upon which a high velocity can be 
attained, also necessitates the use of a fairly powerful 
motor, as the distance to be traversed upon the ground 
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depends upon the acceleration of the machine, and the 
greater this is, the shorter will be the preliminary run. 
As the surface of the plane is a constant quantity and 
cannot at present be increased when it is desired to rise 
from the ground, this larger engine power should be pro- 
vided in practical machines so that when tn actual flight 
the engine will work below its maximum capacity. In the 
author's opinion this is a desirable state of affairs, particu- 
larly in view of the fact that an engine working at full load 
for continual periods is difRcult to maintain, as has been 
proved upon the Brooklands track in the long-distance 
motor car races. 

The exact value of the power required to propel an 
aeroplane will vary with each particular type of machine. 
As an indication of this power we will take the coefficient 
qf traction as being equal to one-sixth of the weight of the 
VV 
' 6' 

1,500 lb. would require a thrust of 250 lb., and one weighing 
250 lb. would require 67 lb. 

The thrust horse-power is the product of the thrust in 
pounds and the speed of flight; thus if the flying speed 
of the machine is 40 miles per hour, and the thrust 
required is 250 lb., the horse-power = 

Thrust H.P. = 'Sox4°x528o^ , 
60x33,000 

Now this figure must be modified to allow for losses in the 
epgine and the transmission, and for the efficiency of the 
propeller, and taking a reasonable figure as 50 per cent. 
for the sum of these losses, at least a 50 H,P. engine 
(B.H.P.) would be desirable. Considering now the assumed 
smaller machine, the thrust of 67 lb. for a machine weighing 

* The Bl^riot XI- machine requires a thrust of 180 lb. against a 

fixed point for a total weight of 700 lb. T=^^, and in flight approx. 

4 
T = - =10 thrust horse-power. 
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4D0 lb. (the " Demoiselle " weighs without the aviator 242 
lb.), we have, at 35 miles per hour, 6-25 thrust H.P. Hence, 
say, a 12 B.H.P. engine, showing that a comparatively small 
engine can sulflce to propel and sustain a machine of these 
dimensions. These engine powers are only for horizontal 



Fii-.. 7.— "Gnome" Engine erected in ihe Tesling Frame. 

flight and make no account of the power required for 
ascending. 

Flying machine engines are by no means settled down 
to one or even two conventional types, and scarcely any two 
makers of repute are producing similar engines. The main 



lyGOOglC 



30 AEROPLANES 

differences may be classified into arrangement of cylinders, 
number of cylinders either odd or even, and radiation either 
by water jackets or by air direct 

The arrangement of the cylinders in star-shaped or 
radial form allows of a short crankshaft and a good dis- 
tribution of impulses. Engines of this type were originally 
fitted only to monoplanes. 

The Gnome engine (Fig. 7), however, has proved so 
successful that biplanes are fitted with it, notably the 
Farman machine. 

Radial engines are cither arranged with stationary or 
rotary cylinders, advantage being taken of the rotating 
mass in the latter instance for the elimination of a separate 
flywheel. Rotary cylinders, however, have several dis- 
advantages, one of which lies in the power required to 
overcome the air resistance set up by the rotating cylinders 
at high speeds, in the Gnome engine this is about 15 H.F. 

There are mechanical difficulties also, and the means 
adopted in overcoming some of these will be appreciated 
when reference is made to the description of the Gnome 
engine in the next chapter. 

When the cylinders are of the vertical fixed type or 
of the Vee arrangement, the engine is more nearly similar 
to the ordinary motor car engine, but such increases in the 
number of cylinders as are now quite usual in flying engines 
permit of the entire elimination of the flywheel. 

Some of the eight-cylinder engines will run at speeds 
as low as ijo revolutions per minute without falter, no fly- 
wheel being fitted. 

The problem of radiation is somewhat simpler in a 
flying machine engine than in that of a motor car, as in 
the former case the engine Itself is placed in an exposed 
position. The velocity of flight produces air currents of 
considerable magnitude, thus making direct air cooling of 
comparatively large engines a possibility. The elimination 
of water jackets with their attendant radiator, pump, 
and body of water enables the weight of the propelling 
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TYPES OF ENGINES AND ENGINE PROBLEMS 3I 

mechanism to be reduced, but at the same time reliability 
of running may be impaired. By reliability is meant the 
duration of period of running consecutively, developing 
maximum power. 

The engine problem has in the past been the retarding 
factor in the attainment of mechanical flight. This problem 
is divided into two parts: (i) maximum power produced 
with an engine of minimum weight, and (2) reliability of the 
engine which will not overheat when running for long 
periods at full power. The difficulty of keeping flying 
engines running for lengthy periods is an accepted fact. 



Flc. 8.— Diagram oflbe Dulhiel -Chalmers Two-Cylinder 
Opposed Engine. 

and generally speaking a water-cooled engine has a better 
chance of maintaining a normal working temperature than 
has an air-cooled one, but perhaps not to the extent which 
is represented by the guarantee of Duthiel-Chalmers. This 
firm guarantees a twelve-hour run with their water-cooled 
motor (Fig. 8), having two cylinders, 125 mm, diameter, 
but with their air-cooled motor, with the same cylinder 
diameter, they guarantee only a one hour's run. In con- 
-sidering these figures we must also take into account the 
fact that the water-cooled engine weighs 75 lb. per horse- 
power, whereas the air-cooled engine weighs only 3'l lb. 
per horse-power. 
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Modem tendency has all been towards the design of 
ultra-light engines, in which aluminium has been adopted 
as one of the principal materials ; steel cylinders and pistons 
also form a feature in modem engine constmction. Alu- 
minium is generally an undesirable material, for many 
reasons, for use where heavy stresses occur, such as in 
crank chamber construction. It is also unreliable as a 
fixing for studs, and in the majority of cases could well 
be replaced by suitable pressed steelwork. Such a 
material carefully proportioned would be infinitely superior 
to aluminium in every way, even though its weight were 
little more than that of aluminium for the same purpose. 
Take for instance the upper half of the crank chamber — 
this is primarily a fixing bed for the cylinders in a four- 
cylinder motor of ordinary type. This portion of the 
engine also acts as a support for the crankshaft, and acts 
as a distance piece between the cylinders and the crank- 
shaft. It has to withstand the stresses due to the thrust 
of the pistons, transmitted to the crankshaft through the 
connecting rods. The upper half of the crank chamber is 
therefore in tension between the cylinder faces and the 
main bearings, and it must be longitudinally stiff to prevent 
the crankshaft from springing. The duties to be performed 
do not conclude here, as the cylinders must be firmly held 
on account of the side thrust of the pistons due to the 
angularity of the connecting rod.s. It will be seen, there- 
fore, that great strength and rigidity are required, and in 
the author's opinion this can best be obtained by steel 
suitably designed with ribs between the top face and the 
main beitring brackets. The holding-down bolts of the 
cylinders can be made use of as in the Green engine, to 
retain the main bearing caps in position, and thus strengthen 
the whole construction, Magnalium is being used in some 
engines to replace aluminium ; it is light and strong, but 
somewhat ex^nsive. 

Perhaps the most important problems in connection with 
aerial engines are those of lubrication and carburation. 
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Lubrication. — Taking the former first, we know from 
experience of racing motor car engines how great a part 
is played by efficient lubrication of the pistons and the 
crankshaft bearings. The autlior's experience on the 
track has shown that ample lubrication makes a very great 
difference in both the speed and general behaviour of the 
engine, but in some engine designs this may be attended 
with difficulties of carbonisation and sooting. In the case 
of aerial engines such a result would be disastrous, mis- 
firing might cause a broken propeller or a stoppage of the 
engine. 

There is, however, the question of the quantity of the 
oil supply, every addition of weight counts, and economy 
must be studied, the lubrication must therefore be certain, 
efficient, and no more.* 

Motor car engines of the last two years have shown 
very great improvements in systems of mechanical and 
positive lubrication, and these details are being carried 
out even to a finer degree in some of the recent aerial 
engines. Lubrication systems in detail are dealt with in 
other chapters on engines, but the principles are all 
important. Very serious and expensive breakdowns have 
occurred through failure of lubrication owing to the delivery 
or suction pipes of the lubricating pump becoming choked 
or nipped. In one case a large end bearing seized, causing 
the piston to be drawn out of the cylinder; the connect- 
ing rod was bent, and eventually broke off at the large 
end. The result was that the piston and its connecting 
rod were thrown violently through the side of the crank 
chamber, narrowly missing the aviator in thi^ flight 
through the air. 

Steel cylinders and pistons require special attention 
as regards lubrication, as two surfaces composed of this 



* Difficulties in connection wiih piston seizure , 
wrongly attributed to lack of lubricant, cylinder distortion due to 
unequal temperature of difierent parts of the walls of air-cooled 
cylinders is often the real cau:ie of this seizure trouble. 
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material seize more readily than two cast-iron surfaces in 
contact owing to the fibrous nature of the material. 

When splash lubrication is relied upon for the cylinder 
walls, the problem is somewhat similar to that in motor car 
design, as the inclination of the engine in a fore and aft 
direction will be approximately the same in both cases 
under ordinary working conditions ,• One of the conditions 
of the tests of engines for the Patrick Alexander prize is 
that the engines must be run for a period of one hour in 
either direction at an inclination of 15°. Direct coupled 
engines for aerial work have an extra bearing, viz., the 
thrust bearing, which requires lubrication, as the whole of 
the thrust of the propeller must be taken up from the end 
of the crankshaft. Special arrangements are provided in 
other engines for the lubrication of the cylinder walls by 
means of direct oil feed. Rotary engines receive their oil 
supply for this purpose by the aid of centrifugal force. 

The exact quality or specification of the lubricant for 
any particular engine or season can only be determined 
satisfactorily by experiment. Paulhan used for his Gnome 
engine at Brooklands a mixture of castor oil and petro! in 
equal proportions. It is the duty of the oil manufacturers 
to supply a satisfactory lubricant, and outside the scope of 
this book. 

Carburation for Aerial Engines. — The problem of the 

carburation for the engines of flying machines differs in 
some respects from that of motor car engines. In the first 
place, these engines run usually at or near full power, they 
are not required to be throttled down to any extent, and 
in some engines no provision is even made for this purpose. 
Only when engines of extra large size are fitted is such a 



* Somewhat similar precautions are taken, so that all the 
ing rod ends shnll dip to the same extent in the oil provided in the 
base chamber, separate oil Irays and channels are designed for each 
rod end. These channels are always kept to the same oil level by 
means of an oil pump and ovcrl^ows. 
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provision necessary. Seeing that usually no clutch is inter- 
posed between the engine and the propeller, it is impossible 
for the engine to race since the resistance of the propeller 
increases as the cube of the rate of revolutions, and 
increase of propeller speed can only be obtained, therefore, 
at a greatly increased engine power. The problem is 
somewhat analogous to that of a motor boat engine, and 
in practice the same method of pumping fuel direct into 
the engine or into the induction pipe is sometimes resorted 
to. In the author's opinion, however, such a proceeding 
is not desirable, and he prefers the adoption of a carburettor, 
to any direct and positive methods of fuel feed when petrol 
is the fuel utilised. The reasons for this opinion are as 
follows : — 

Primarily, the question of economy is of considerable 
importance, particularly where long flights are attempted, 
as the weight of fuel to be carried has an important bearing 
upon the relations of weight to lift, and the success of any 
long distance attempt is generally dependent to a great 
measure upon the adequacy of the fuel supply. An efficient 
utilisation of the fuel carried will enable a more lengthy 
flight to be maintained, other conditions being complied 
with, and the weather remaining favourable. 

Fuel feeding operated directly by a pump may continue 
in regular proportion for some time, but owing to slight 
wear of the moving parts a considerable difference in the 
actual delivery may occur. If the pump could be relied 
upon to give a regular and proportionate flow in accord- 
ance with engine speed, such a method would be admir- 
able in cases where no throttle valve is fitted. We cannot, 
however, as before explained, compare the conditions of 
an aerial engine to those of a motor car engine, as the 
propeller effect bears a definite relation to engine power. 

When the machine is moving through the air the 
power required to rotate the propeller at any given speed 
is the same, for immediately the machine leaves the ground 
it is air speed and not earth speed that counts. Whether 
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the machine travels with or against the wind its speed 
relatively to the air remains approximately constant, so 
that its petrol consumption will be constant, and propor- 
tional to engine speed. 

On the road, however, such conditions do not obtain, 
as the road resistance varies from time to time, necessitating 
a greater or less petrol consumption with the engine running 
at the same rate of revolution. 

In the latter case a carburettor is essentia!, though in 
the former it has been shown to be not so, A carburettor, 
however, is desirable on account of its possibilities for 
finer adjustment, more perfect carburation by means of 
a suitable spraying device, and adaptability for throttle 
control. The fact has been pointed out that the power 
required to raise the machine from the ground is greater 
than that required to maintain the same machine in flight, 
so that when in actual horizontal flight it becomes possible 
and sometimes desirable to throttle down the engine and 
reduce the rate of revolution of the propeller. This can 
only be done satisfactorily and economically when a 
carburettor is fitted. Attention has been called to the 
fact that carburation troubles have occurred to several of 
the leading aviators, and the author attributes these to the 
lack of provision for supplying sufficient heat to the fuel 
spray or incoming air during the carburation process. 

Sufficient heat must be supplied to equal the latent 
heat of evaporation of the petrol, that is, in a given time 
the number of thermal units transmitted to the carburettor 
or induction pipe must equal the latent heat of the fuel, 
multiplied by the quantity of the fuel vaporised, in any 
given time." 

If this is not done, two alternatives present themselves : 
the first is the addition of an excess of fuel to reduce the 

* This subject is fully dealt with in "The Mutor Car," by ihe 
same author. Hot air pipes are now being fitted to some aerial 
engine carburettors. 
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drop of temperature which occurs, or a diminution of the 
quantity of air passing to the engine. Both of these are 
bad policy ; the former results in a waste of fuel, and the 
latter in a reduction of the power developed by the engine. 
The effect of either method is to enrich the proportions 
of the mixture and thus raise its freezing point. Owing 
to the temperature of the upper atmosphere being lower 
than that on the earth's surface, and also owing to the 
exposed position of an aerial engine, these questions are 
more important in the cases of such engines than in those 
of motor car engines, yet they appear to have been some- 
what overlooked. It may be argued that the high tempera- 
ture of air-cooled cylinders is taken advantage of for the 
purpose of supplying heat to the partially carburated air, 
but this does not prevent the carburettor itself from 
freezing. 

It would appear that the adoption of a very volatile 
spirit with a low boiling point tends to aggravate matters, 
and we hear of at least one celebrated aviator resorting to 
a somewhat less volatile .spirit in cold weather. The exact 
effect is not quite easy to explain, except in the following 
manner. When a spirit is very volatile, the greater portion 
of it i.s evaporated cither in the carburettor itself, or in the 
induction pipe. A great drop of temperature will there- 
fore take place in this vicinity if no heat is added. 

On the other hand, with a less volatile spirit, the greater 
part of the fuel is carried in suspension in the form of fine 
particles into the engine cylinders, and the heat of the 
burnt gases and that radiated by the cylinder walls suffices 
to complete the evaporation process. 

The author is obtaining special samples of petrol in 
order to further investigate this matter with air-cooled, 
water-cooled, and oil-cooled cylinders. 
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CHAPTER V. 

DESCRIPTION OF SOME LEADING ENGINES. 

Antoinette. — This engine (Figs. 9, 10, and 11) is the pro- 
duction of a firm which has been engaged for many years 
in making light motors, and the 50 H.F. engine used by 
Latham in his first attempt at the Channel flight has 
proved since that M. Lcvavasscur's work is both excellent 
and ingenious. 



Fig. 9. — Antoinelte Engine, Elei-ation. 

The first essentials of an internal combustion motor 
for aviation are that it should be light, give ample power, 
and at the same time be free from vibration. 

These considerations of vibration are dependent upon 
the two following factors : — 



lyGOOgIC 



CAUSES OF VIBRATION IN ENGINES 39 

1. That the centre of gravity of the whole of the 
moving parts remains stationary. 

2. The turning couple is constant. 

Of these two problems the former is fairly easy of 
attainment, but the latter cannot be realised except by 
the employment of a certain number of cylinders. When 
four cylinders only are used, the couple varies between 
positive and negative, but when the number of cylinders 



Fhj, io.— An loin e lie Engine, End Klevnlion. 

is increased to eight the turning moment is always positive, 
and to all intents and purposes constant. In the Antoinette 
motor, therefore, eight cylinders are employed, and the 
vibration is practically nil. The adoption of eight cylinders 
also gives overlapping impulses, and it can be so arranged 
that the motor will run in either direction by simply sliding 
the camshaft so as to bring another set of cams into opera- 
tion. In the Antoinette motor this is accomplished in a 
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very simple manner by means of a knob fixed at the end 
of the shaft. 

The cylinders are made in blocks of four in one solid 
piece of steel complete with their valve boxes. They are 
fixed on the top of the crank chamber at an angle of 
90" to each other, i.e., the centre lines of the cylinders 
are inclined at an angle of 45" from the vertical. The 
pistons are made of cast iron, and the crankshaft has four 
crankpins, so that two opposite connecting rods actuate 
the same crankpin. One camshaft operates all the inlet 
and exhaust valves. The water jackets are formed in an 



Fii;, ii.-AnioineueEnEine, Plan. 

interesting manner of electrolytically deposited copper. 
Each jacket is a separate sleeve formed with the casing 
round the valve box, and so arranged that the exhaust 
valve spindle guide is also water jacketed, 

A particularly neat manner of fixing the jackets to 
the cylinders is adopted ; the jackets themselves slip over 
the tops of the cylinders and valve boxes, the sleeves are 
then given a turn so that the cylindrical part of the jacket 
is made concentric with the cylinder itself, and the whole 
slides down till the lower edge covers some grooves formed 
circumferentially round the cylinders, and is here soldered. 

The train of gears operating the engine mechanism 
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comprises the usual pinion mounted on the crankshaft en- 
gaging into a wheel with twice the number of teeth on the 
camshaft. The ignition finger is attached to the camshaft, 
the ignition being by meansof a single trembler coil capable 
of giving 800 sparks a second. The secondary distributer 
conveys the current to the plugs on the eig;ht cylinders, 

A small magneto or high frequency exciter driven by 
the engine may be fitted, thus ensuring perfect ignition. 

It will be seen that owing to the high rate of sparking, 
each plug receives ten sparks during the time the distributer 
contact is connected to it. 

The regulation of the motor can thus produce great 
flexibility, and it will run as slowly as 150 to 200 revolu- 
tions per minute, and from that up to its full speed. 

The crankshaft is made of a special steel, and the five 
bearings on which it is carried as well as the connecting 
rod bearings are of bronze. The timing of the engine is .so 
arranged that no two rods connected to the .same crankpin 
are receiving impuLses at the same time. As has already 
been explained, the engine will run equally well in either 
direction, and that adopted can be the most suitable for 
the particular purpo.se in view. 

The water circulation is by a gear-driven pump feeding 
two water manifolds, each having four branches. The 
water enters the jackets at their lower ends and leaves at 
the top ; it flows from a tank which is always full of water 
and placed above the cylinders. 

A small oil pump is u,scd to ensure perfect lubrication ; 
the oil is taken from the bottom of the crank chamber and 
pumped through a copper pipe fixed along the top of the 
chamber and pierced with a number of spray holes which 
allow the oil to spray in all directions. The crankshaft 
assists in splashing the oil, which eventually falls to the 
bottom of the chamber. The lower cover of the crank 
chamber is made with three partitions dividing the 
chamber into four compartments which arc all at constant 
oil level whatever be the inclination of the motor, as the 
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partitions are of the same height. This ensures each big 
end dipping into the same amount of oil at every revolution. 
An oil diannel conducts the oil to one end of the 
chamber and to the sump of the oil pump, maintaining 
the oil reservoirs always at the same level, the oih'ng is 
thus automatic. 1 he working of the pump can be ascer- 



Fic. 12. — "Gnome" Engine, showing Carburel tor anil Lubricator in I'osilion. 
{Photos by permission of Messrs Caulhier Sf Co.) 

tained by opening a small cock placed on the delivery pipe 
from the oil pump in a convenient position. 

Cnrhiiration is effected by a small petrol pump worked 
by the motor, drawing petrol from the tank and delivering 
it to eight small distributers placed on the inlets to the 
suction ports. Strainers are interposed in the petrol pipe 
to prevent foreign matter entering the distributer, and 
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the amount of petrol delivered to the cylinders can be 
varied at wi!l by altering the stroke of the pump. 

It becomes a simple matter to adjust the petrol supply 
to suit the varying atmospheric conditions, and to obtain 
the best and most economical proportions of mixture of 
petrol and air. 

Gaome. — The seven-cylinder Gnome engine (Fig. 12) is 
of the rotary star type, air cooled. The best known type is 
the seven-cylinder 50 H.P. engine which has chrome-nickel 



Fig. 13.— "Gnome" En- 
gine Cjlinitcr, show- 
ing llie Groove into 
which the Locking 

King Fits. 




Fig, 14.— "Gnome" Crant 
Chamltet, showing Slots 
for Cylinder Retaining 
Rings and the Bolt Holes 
p.issing through the 
Chaniher l)etween the 
King Slots. ' 



steel cylinders machined with their ribs out of solid blocks 
of metal (Fig. 13). These cooling ribs are of maximum 
dimensions near the cylinder heads and diminish in size as 
they approach the crank chamber, and no aluminium is 
used in the whole construction. A steel plate or disc 
forms each side of the crank chamber, seen in Fig.s, 25 and 
26, and the two discs arc locatixl on twice the number of 
dowel pins as there arc cylinders, as shown in Fig. 14. 
No b<jlts are employed to fix the cylinders to the crank 
chamber as they fit into circular orifices bored around the 
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chamber (Fig. 15), and when in place, steel rings (Fig, 16) 
are fitted into grooves turned in the cylinder trunks ; these 



Flc. 15. — "Clnome" t^nfiine, showing Mclhml of Attachinf; 
ihe Cylinders to Ihe Crank Chamber. 

rings are securely held in place by the seven long bolts 

which hold the end plates of the crank chamber in position, 

the bolts arc parallel to the crankshaft, 

C-'Gnomt" En- °'^*^ being between each neighbouring 
li^kii^.^Kine' P'^''' of cylinders. 
JniJ*GfJ'rt ^^^^ seven connecting rods (Fig. 

«d='^r'ihe'c'- '^^ operate upon a single crankpin on 
lihm' inwrT-j ^^^ stationary crankshaft (Fig. 18), 
ch^'bc''""'' ^^'liilst the cylinders themselves revolve 
together with the crank chamber to 
which the propeller is fixed. A problem presents itself 
on account of the rotation of the cylinders cansrng the 
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cooling air to impinge on one side of the cylinders 
only, that is the leading side ; the trailing side of the 



FlC. 17.— "nnoniL-" liiiglne with one end of Crank ChaniWr 
rcnuwL-d. Shoiviii}; Aiiscnilily uf Connecling Rmls ond 
Arrangeitienl uf Ball Ucnrinj^ 

walls will not meet the cool air but will be surrounded by 
eddies of warmer air. This tends to distort the cylinder 
bore from its true fuim when hot, so that special provision 
must be made for keeping, a tight piston joint. Ordinary 
rings would be too stiff for this purpose, and resort has 
been made in the Gnome engine to a flexible type of joint 
similar in shape to tlie cup leather of an hydraulic piston. 
Leather naturally cannot be used, so a light ring of L 
section bras.s is employe<l. This ring is split and makes 
a close joint where the ends butt, and is used merely as 
a jointing material. 
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The necessary rigidity of fixing is maintained by means 
of a cast-iron ring placed inside it, and fitting in a wide 
groove in the steel piston. The piston {Fig. 19) is a fairly 
loose fit in the cylinder, so as to eli- 
minate risks of seizing. 

The arrangement of the seven con- 
necting rods is as follows: — One rod 
g is made in one piece with a lai^e 
-i double disc end (Fig. 20) forming the 
*■ outer race of a ball bearing running on 
■g the crankpin. At intervals of 51^ 
S around these discs, six attachment pins 
^ arc held between webs or discs (Fig. 
" 21), thus dividing the points of attach- 
s- mcnt into seven equal angular intervals. 
:= The remaining six connecting rods are 
u attached to pins at these points, and it 
". will be seen in Fig. 17 that their obli- 
a quity in course of revolution will be 
J greater than that of the rigidly con- 
e nected rod. [t is necessary, however, to 
g locate the big end disc to one of the rods 
■g> to prevent it rocking on the crankpin. 
'"f The carburettor, which is, of course, 

I stationary, feeds the engine through 
J the hollow crankshaft into the crank 
i chamber (see Figs. 17 and 18), and 
^ each piston draws its mixture from 
" thence into the cylinder through an 
C automatic inlet valve situated in the 
middle of the piston head (F'lg. 22). 
An awkward problem had to be tackled 
in designing these inlet valves on ac- 
count of the centrifugal force affect- 
ing their mass. An automatic valve must of necessity be 
light, and controlled by a light spring, in order that the 
maximum quantity of explosive mixture shall enter the 
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cylinder. It would be impracticable to retain these auto- 
matic valves on their seats by springs designed stiff enough 
Id counteract centrifugal force at high speeds, such as at 
700 revolutions per minute. 

Under varying rates of revolution the effective pressure 
of the spring upon the valve remains practically the same, 
whilst the force acting upon the spring varies. That is to 
say, that when the engine is being rotated by hand at 
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starting, the springs which would work well at high speeds 
would be too stiff to allow the valves to open at all. This 
difficulty has been overcome in a very ingenious manner 
in the design of the Gnome engine, by counterbalancing 
the mass of the valve by two other masses of equal magni- 
tude ; the force upon these two smaller masses acts through 
two short levers in a somewhat similar manner to the levers 
and weights operated by a carburettor float. The two ful- 
crums are extensions of the valve guide, and the two inner 



lyGOOgIC 



AEUOI'LANKS 



ends of the levers engage in a slot cut through the valve 
stem. Whatever the force acting on the valve, an equal 
and opposite force acts upon the valve stem through the 



O 



medium of these two small levers. Two flat springs are 
fitted over the two balance weights, which they partly 
embrace, and these serve to return the valve to its seat at 



Fill. 25. --CmmiL." Lncine 

Crank ChamlKT Oner Vli.. 26.— "diinrnt.-" En{;ine Crank Uiam- 

(rropcller ICnil), showing bcr Oiver. High Tcn-sion Dislril>uler 

(iearii^ operalinu; ihc and I'inions driving Oil Pump aitd 

Cam King. >raenelii. 

the end of the suction stroke of the engine. These springs 
are ea.sily detachable. 

The exhaust valves are situated in the centres of the 
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cylinder heads and are operated by twin balanced rocking 
levers (Fig. 23) actuated by long push rods, each being 
moved by a separate cam. The object of 
the weights is to relieve the cams of undue 
stresses owing to centrifugal force acting upon 
the valves. A spring retains each valve on 
its seating, and the balance weights are so 
regulated as to keep a slight pressure on each 
valve, which allows the engine to keep run- 
ning should a valve spring accidentally break. "Cnomc" Gmr 

The exhaust gases escape directly into the drive Haif- 

. ^ t- J Tim. c«« 

atmosphere. Train. 

In this engine the cylinders are placed 
radially and equidistantly around the shaft, as seen in 
Fig. IS, and are all on the 
same plane, but the valve 
mechanism requires the 
cams which operate the ex- 
haust valves to be placed in 
different planes. The odd 
number of cylinders enables 
the firing to be carried out 
tjirough equal angular in- 
tervals (Fig, 24), as in an 
engine working on the Otto 
cycle two revolutions must 
be completed before the 
whole set of cylinders has 
operated. With an even 
number of cylinders direct 
sequence would be neces- 
sary. 

The two ends of the 
crank chamber are closed 
by steel plates. That at 
one end of the motor (Fig, 25) carries the cams' and dis- 
tribution gear in addition to the ball bearings, and a 



a. 28, — "Gnome" Lubricating 
Pump. This Pump nnd the 
Magneto are driven from the 
same Spur Wheel. 
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provision for fixing either transmission gear or the pro- 
peller, that at the rear (Fig. 26) carries a thrust bearing in 
addition to a large ball bearing. 
The cams which are in the forward 
casing are seven flat steel collars 
with one boss keyed on to a spindle 
and driven from a set of reduction 
gearing attached to the revolving 
crank case (Fig. 37), 

Lubrication is by means of a 
two-cylinder reciprocating pump 
(Fig. 28) driven in a similar manner 
to the magneto (Figs. 29, 30, and 
31). It is fitted with an oil dis- 
tributer having seven ways, and its 
bricating Pump and ihe action is independent of the vis- 
Magneio. cosit)' of the oil and of any 

negative pressure in the crank 
chamber. When the engine stops, any surplus oil can 
be drained out of the cylinders by opening the lowest 
exhaust valve. . The 
five -cylinder eaigine 
is of 30 H,P. and 
has a bore of 100 
mm. by lOo mm. 
stroke and weighs 60 
kilogrammes ; the 
seven-cylinder engine . 
gives SO H.l'. at 
1,200 revolutions per 
minute with cylin- 
ders 1 10 mm. bore 
by 120 mm. stroke, 
and weighs 76 kilo- 
grammes or 33 lbs. 
per horse-power. No flywheel is nece.ssary with these 
engines. 



-"Gnome" Engine Magnclo. 
is fined upside down. 
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Esaault-Pelterie.— This radial engine (Fig. 32) is con- 
structed with fixed cylinders, and as there would be con- 
siderable difficulty in connection with lubrication were the 
cylinders arranged entirely around 
the crankshaft, what would be the 
three lower cylinders (in the seven- 
cylinder engine) are, therefore, fitted 
in their diagonally opposite position 
above the shaft but in a plane ad- 
jacent to the other four cylinders, 

thus giving the engine seven stag- 31.— "Gnume En- 

gered cylinders. In order to pre- ^,j,^ . . 

vent the lowest cylinder on the 

leading side from obtaining an excess of lubricating oil, 
the trunk of the piston is drilled with a number of holes. 
Experiment has determined the number and size of holes 



Fig. 32.— Seven -Cylinder 35 H.P. R.E.P. Engine. 

required to prevent an excessive quantity of oil finding 
its way up into this cylinder. 

The distribution of cylinders is so arranged that a 
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cam with two humps actuating the inlet and exhaust 

rotates at a speed of (N— i) times the speed of the cranlc- 

shad, and in the opposite direction to it N = the number 

/N — 1\ 
of cylinders. This cam has I ■ -■ 1 humps of equal height 

arranged upon its periphery. The firing sequence is i, 3, 
5, 7, 2, 4, 6, I. 

The Crankshaft is arranged with two crankpins set at an 
angle of 180°, and owing to the fan-shaped disposition 
of the cylinders it is possible to so shorten the crankshaft 
that the stress in the material is reduced to a minimum. 
In order to accomplish this arrangement four connect- 
ing rods actuate upon one crankpin, whilst the other 
three are connected to the other pin. The crankshaft 
itself weighs 2^ kg. for the 30 H.P. engine, and in this 
shaft no stresses exceed 1 5 kg. per sq. mm. under work- 
ing conditions. The bearings have a very large surface, 
especially those which carry the thrust of the propeller. 

The Connecting Rods are of particular interest because 
one of the heads receives three rods and the other four. 
One large end in each group is a solid piece, and this end 
is arranged to receive the requisite number of loose rods 
which are fixed in turn to it. In order to reduce the 
weight of the rod ends, an amount of material has been 
cut away without affecting the area of the bearing surfaces. 
The small ends of the rods are machined in such a manner 
that the pressure is carried by the exterior of the eye 
which is fitted to the piston head, as well as by the 
gudgeon pin ; these two surfaces work in conjunction with 
each other and are bushed with gun-metal in each case. 
The rods themselves are of H section steel. 

Cylinders and Pistons. — The cylinders are able, on 
account of the special types of valves, to be made com- 
pletely symmetrical around their centre lines. They are 
each fixed to the crank chamber by three bolts having nuts 
and lock nuts. The pistons are made in one piece and 
are fitted to the connecting rod ends as above described 
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Valves. — Those in the 1909 type are of a special type. 
They open in the first place to admission, and then to 
exhaust. The valve itself is held in a cylindrical sleeve 
which has at its outmost end a series of holes drilled 
through it, through which the mixture enters the pocket. 
When the valve is lifted 4 mm. from its seat, these holes are 
covered by a fixed guide, and the valve on opening allows 
the exhaust products to escape. When the valve lifts 
another 4 mm. the holes become uncovered, and a flange 
oil the valve sleeve covers the passage to the exhaust, so 
that the cylinder is put in direct communication with the 
inlet pipe. At the end of the stroke the valve returns to 
its seat and is completely closed. One of the chief points 
in this arrangement is that the sleeve between the valve 
head and the lifter is out of the path of the exhaust gas, 
thus reducing the tendency to seizure; in addition, the 
admission of the charge through the same valve tends to 
keep this valve from overheating in working. In the latest 
R.E.V. engines separate independent valves are fitted. 

The engine is arranged with two inlet pipes, each of 
which has its own carburettor. The carburettor is made 
almost entirely of aluminium, and complete with its float 
weighs a little over l lb. The carburettors are placed at the 
base and on the outside of the crank chamber, but each feeds 
its mixture into a receiver within the case, from which the 
intake pipes lead to the cylinders. There are four leads 
from this receiver, three of them branching off to two 
cylinders each and one going direct to a single cylinder. 

Lubrication is by splash, the compactness of the main 
organs and the position of the cylinders making it un- 
necessary even to use a pump. The oil is fed to the main 
bearings, then allowed to drip into the crank case, whence 
it is splashed up into the cylinders. 

The ignition is by means of a special high tension 
magneto, running at half crankshaft speed, and has an 
ebonite distributer with the usual metallic contact. The 
cylinders are air cooled by means of fins, thus avoiding 
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the use of water'jackets, pump, and radiator. No fan is 
necessary, as the fins themselves have proved to be sufficient 
to keep the cylinders cool. 

Anzani (Fig. 33, and Fig. 68. p. 145). — This engine 
chiefly claims attention as it was with the Anzani engine 
that B16riot's cross-Channel trip was accomplished. Bleriot 
himself expressed the highest prai.se for this engine and 
its admirable working, although it is perhaps the smallest 
and simplest engine yet fitted to an aeroplane. The 
particular engine used was a three-cylinder air-cooled 



Flu, 33. — "Aiutani" Engine. Type Bleriol XI. 

semi-radial type of 25 H.C, the cylinders jutting out from 
the upper half of the crank chamber. As a result of this 
construction the engine is very compact. 

The cylinders of the standard engine arc of the ribbed 
cast-iron pattern, the pistons being of cast iron with cast- 
iron rings. All the pistons actuate through their connecting 
rods on to the same crankpin, which necessitates two of the 
rod ends being forked. The angle between neighbouring 
cylinders is 60", the firing sequence being i, 3, 2. Taking 
No. 2 as the centre cylinder, from i to 3 is 180 — 60= 120", 
and the next interval from No. 3 to No. 2 is 360 — 60 = 300", 
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and from No. 2 to No. i is the same. The exhaust vaNes 
are cam actuated, but the inlet valves, w^Eh are situated 
above them, are automatic. The exhaust iSt remarkably 
free, as the piston on its outward stroke uncovers holes 
drilled in the cylinder walls, and the exhaust under 
pressure is thus expelled. The valves allow the exhaust 
gases to clear on the return stroke of the piston. The 
cylinder dimensions are lOS mm. bore by 130 mm. stroke. 

As fitted to the Bl^riot XI. type of aeroplane this engine 
runs In a left-handed direction when looking towards the 
propeller from the front of the machine. A view of the 
engine from the rear is shown in Fig. 68, page 1 45, taken from 
a photograph of the machine at Hendon, which forms the 
frontispiece to this book. The three inlet pipes are fixed 
by union nuts to the cages retaining the automatic inlet 
valves and thence sweep downwards to the G.A. carburettor. 

The ignition contact breaker is attached to the crank 
chamber at the opposite side to the propeller, the actuating 
cam being slipped over an extension of the crankshaft 
This extension has a taper hole in its centre and four saw 
cuts are made at right angles in a longitudinal direction. 
A taper screw-ended plug fits into this hole and is the only 
means of locating the cam upon the shaft. Bowden wire 
control is fitted both to the contact rocker and to a seg- 
mental exhaust valve lifter. 

Petrol is fed by gravity from a cylindrical tank, the 
rear end of which contains lubricating oil. The oil is put 
under slight pressure by means of a hand pump and passes 
through a sight feed lubricator to the crank chamber, channels 
being provided internally to effect the distribution of the oil. 

Some difficulty may be experienced in properly lubri- 
cating the centre piston, and the author has had cause to 
suffer in this respect.* 

The 35 H.P. water-cooled Anzani engine has four 
cylinders, in groups of two, set V-shai)ed on the crank 

♦ The weight of this engine complete is 65 kiloKrammes, and its 
price is ^110. 
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chamber, the angle between the centres of the two groups 
being 45'. These cylinders arc of cast iron, fitted with steel 
pistons, having cast-iron rings. The exhaust valves, as in the 
25 H.P, engine, are cam actuated and the inlets automatic. 

The valve pockets are situated at the outside ends of 
the cylinders, i.e., at the four extremities of the cylinders, 
and on the centre line of the cylinder blocks in each case. 

The crankshaft has two crankpins, opposite connect- 
ing rods operating on the same pin, one rod of a pair 
having a forked end. 

The crankpins are set at 180' to one another, and 
as the firing order is from one cylinder to the next one, 
actuating on the other pin, then to the cylinder situated 
diagonally across the set, and lastly to its neighbour, the 
firing periods are as follows: — No, 1 fires; then 180' 
elapses when the neighbouring cylinder fires, thirdly the 
diagonally opposite cylinder fires after l8o^ + 45^ then 
its neighbour fires after 180", and finally the diagonally 
opposite one fires at l8o' — 4S\ 

The crankshaft is supported on two bearings, and two 
flywheels are fitted within the crank chamber, which is 
vertically divided in the centre for the purpose. 

The four inlet pipes sweep up in an easy curve from 
above the valve pockets, and return downwards to a central 
sphere situated between the cylinders to which the car- 
burettor is attached. 

The commutator for the coil ignition is attached to the 
outside of the crank chamber, and driven by a reduction gear. 

The cylinder dimensions of the engine are 100 mm. 
bore by 120 mm. stroke, and at 1,600 revolutions per 
minute the horse-power is 35, The weight of the engine 
complete is 83 kg., and it is priced at ;f 156, 

The Pipe Engine (Fig. 34) is remarkable in many 
respects, principally on account of its air cooling, this 
being perhaps the largest scale on which air cooling has 
been adopted for so many stationary cylinders. The 
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cylinders are eight in number, arranged in V formation 
in groups of four on the crank chamber, their centre 



Vw,. 34.^The " Pipe " Air-Coolcd Enpne, 
(Photos by permisiian ef ihe Landon Malar Garage.) 

line being at 90° to one another. The cylinders are 
100 mm. diameter by lOO mm. stroke, giving 70 H.P, at 
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1,950 revolutions per minute, and 50 H.P. at i,2C» revolu- 
tions per minute. The cylinders (Fig. 36) are very compact 
and free from pockets, as both valves are contained in one 
cage set vertically in such a manner on the upper side of 
the combustion chamber that the centre line of the valve 



Via. 36.—" I'ipe" Engine. Transverse Seclion. 

stems bisects a line passing across the top of the parallel 
portion of the piston at the centre line of the cylinder, 
when the piston is at the top of its travel. 

The pistons are dome-topped, similar to those employed 
in the Pipe motor car engines, and the crankshaft has four 
journals, opposite pistons actuating on the same one. The 
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crankshaft is of a special steel of an elastic limit of 1 20 kg. 

per sq. mm., haviiiEf an ultimate breaking load of 150 kg. 

per sq. mm.,* and at the same time a good ductility. It is 
carried upon three 
large ball bearings, 
and has a small 
ball thrust bearing 
at the propeller 
end. The other 
end of the shaft 
has a turbine- 
shaped induction 
blower keyed to it, 
fresh air is drawn 
through casings 
around the cylin- 
ders, which are in 
communication 
with the centre of 
the bloiver casing 
(see Fig. 35). 

The single cam- 
shaft is carried 
inside the crank 
chamber at its 
apex, and is sup- 

— ported on three 

ball bearings ; it is 

made in one piece 

with its sixteen 

, cams, and of a 

Fio. 37.—" I'ipe " Engine. Valve Arrangement. specially hard steel 

(see Fig. 35)- 
The valve arrangement is on the concentric system 
(Fig. 37), each valve operated by a separate rocking shaft, 



•■ 76 tons per sq. in. and 95 Ions per sq. in. respectively. 
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though both shafts run on the same bearing. The centre 
shaft has a single end pressing upon the inlet valve stem 
at the centre, this valve being of the usual mushroom form. 
The annular seating of this valve is on a second valve in 
the form of a sleeve which on being depressed carries the 
inlet valve with it, and opens a passage to the exhaust. 

The inlet gases tend to cool the exhaust sleeve on their 
way to the engine, and thus to prevent any overheating 
which might occur. 

The arrangement of the valve springs is worthy of 
attention. It will be noticed that the fork-ended lever 
actuating the exhaust valve presses upon a cap encircling 
the inlet valve stem, at the same time compressing a small 
spring below the cap and a heavier spring which the inlet 
valve washer is pressed against. 

When the exhaust valve returns to its seat there is 
clearance between the washer on the inlet valve and the 
cap round the exhaust valve stem, so that only the thicker 
spring is actuating. 

The ignition is by high tension magneto arranged to 
give a variable timing, and a single set of plugs is fitted 
in the centre of the top of each cylinder. 

The carburettor is placed in the centre of the engine 
between the cylinders, and has four branch pipes, one 
serving each neighbouring pair of cylinders. 

An extra air valve is fitted, which has an air dash-pot 
attached to its stem ; variable speed is obtained by means 
of a special form of throttle valve. 

The engine complete weighs 131 kg. 
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TYPES OF ENGINES -Continued. 

The Gobron-Brillie aeritd engine (Fig, 38) is built on the 
same principle as the motof*ar engine by the same firm, 
in that, two pistons are fitted to each cyUnder. The manu- 
facturers claim that their engine is substantially constructed 



Fin. 38.— The Gobron-lirillie Engine. 

as Well as tight, but that no undue sacrifice of weight has 
been made in the essential parts, and that it is owing to 
special neatness of design that this end has been secured. 
The engine con.sists of eight cylinders in groups of two, 
fitted in radial manner, the angle between the centres of 
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the cylinders being 90' in each instance. The crank- 
shaft is situated in the centre of the group, and has two 
throws and four crankpins, the two centre ones being in 
Une, and the two outer ones in line with each other, but 
at an angle of l8o° to the centre pins. The throw 
of the outer pins is slightly less than that of the centre 
pins. The inner pistons operate the centre crankpins 
in the usual manner by means of connecting rods, whilst 
the outer pistons are fitted with connecting rods operating 
reciprocating crossheads, one pair of adjacent pistons being 
connected to one crosshead. Return connecting rods are- 
attached between the ends of these crossheads and the 
outer crankpins, these rods being in tension when working. 
In such an arrangement the combustion space consists of 
the cylindrical clearance between two pistons when at 
their inmost position, and the inlet and exhaust valves are 
therefore situated at the centre of the working barrel. 
The adoption of two pistons enables a long working stroke 
to be employed, combined with a low piston speed. 

The arrangement for operating the exhaust valves is 
novel, consisting as it does of an eccentric cam c (Fig. 38), 
centrally located on the crankshaft, and actuating the 
valves through the levers t and the rocking arms a. - 
The eccentric has a double gfoove connected tf^ether at 
one point, in which runs a shuttle. During rotation of 
the cam this shuttle runs f)-om one groove to the other in 
turn, and thus operates the levers of one or other of the 
exhaust valves of the adjacent pair of cylinders at the 
proper moment. 

The inlet valves are automatic, and fitted in boxes at 
the centres of the working barrels. Two carburettors are 
fitted, and the inlet pipes to all the valve boxes are of 
equal length. Two magnetos are also employed, each one 
firing in four cylinders. 

There are thus virtually two distinct motors, which 
render the machine as a whole immune from total break- 
down. 
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The magnetos are driven by skew gearing from the 
crankshaft, and are fixed to small seats formed on the side 
of the crank chamber. The cylinders are fitted with copper 
water jackets, and they have a bore of 90 mm, and a com- 
bined stroke of the two pistons of 160 mm. The engine 
develops 60 H.P, at 1,200 revolutions per minute, and 80 
H.P. at 1,600 revolutions per minute. 



Fig. 39.— Gobron-Brillie Carburettor. 

The water circulation is maintained by means of a 
rotary pump; the quantity of water required is about 
3j gallons. 

A small gear pump draws oil from the lower part of 
the cylinders, and forces it back to the upper portion of the 
same. The Gobron carburettor (Fig. 39) is quite simple; 



t: Go Ogle 




DARRACQ 65 



the usu^l float feed is employed, and the jet is situated 
at the iQwer end of a coned tube. Around the jet is a 
deflector valve, which is connected through links to the 
throttle valve. When this latter is opened or closed the 
deflector moves up or down in correct proportion, and 
only allows the proper quantity of air to pas-s the jet in 
accordance with the degree of throttle opening. This 
regulation is effected by means of a cam attached to the 
arm of the throttle E, which in turn operates the rod j and 
the lever K. 

Panhard. — This firm is now making four-cylinder light 
engines of the orthodox vertical type, the cylinders are of 
steel, and are fitted with corrugated copper water jackets 
soldered in place. The cylinder heads are castings fixed 
by means of four bolts to flanges formed on the top ends of 
the cylinder barrels. The flanges have holes in them to 
permit thp water circulating from the barrels to the heads 
without the use of external pipes. 

The vfilves are on opposite sides of the cylinders in all 
patterns qxcept the 35 H.P., and are fitted in pockets cast 
with the cylinder heads. The smaller engine has concentric 
inlet and exhaust valve.s situated on the cylinder heads. 
Tfie dimensions of these engines are given in the table 
on page 84. 

Aster.-.— The 50 H.P. Aster engine is of the four-cylinder 
vertical type, with the cylinders cast in one piece. A sheet- 
steel water jacket is riveted in position around this casting. 
An alumirfium base chamber is employed, and the cylinders 
are fixed to it by means of lugs halfway up the cylinder 
barrels. "Jhe cylinders are set desax^ to the crankshaft. 
The valves are all on the same side, and mechanically 
operated. The crank chamber is cast in one piece, and 
fitted with (letachable end plates. 

The 25 p.p. Darracq engine, which was originally fitted 
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to M. Santos Dumont's little flyer "Demoiselle," has t^wo 
horizontal opposed cylinders, 130 mm. diameter by 120 
mm. stroke. The cylinders are made of steel cut from the 
solid, and are fitted with copper jackets, hard soldered in 
place. The valves are placed in the cylinder heads, and 
are each operated by push rods, actuating through short 
rocking levers attached to the cylinder heads. 

In addition to the exhaust valve an extra means of 
escape for the burnt gases is provided by a number of holes 



Fii;. 40.— The "Darracq" Engine as titled (o the Sanlus Dumont Monoplane. 

about J in. in diameter drilled through the cylinder walls, 
which the pistons uncover on their outward travel. The 
magneto and water pump are placed on the top of the 
crank case, and are driven by an inclined shaft 

Lubrication is by means of a pump, which sprays oil 
into the crank chamber. A single carburettor is fitted, a 
pipe leading the mixture to each cylinder. 

Wright Engine. — This engine is made in France by 
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Bariqiiand & Marre, and also by BoUce, to the designs of 
the Wright brothers. The engine is as simple as possible, 
and its neatness of appearance is quite striking. The 
designers were unable to procure a suitable engine for 
their early experiments, and much time was expended 
in the initial stages of their flights with power machines 
in producing an engine which would work continuously 
under the severe conditions. The 30 H.P, engine, which 
is the only size made to their designs, has four cast-steel 
cylinders arranged vertically on the base chamber, the 
heads and valve pockets being in one piece with' the 
cylinders. The valves are on the top of the cylinders 
and inverted, and they lie along the centre line of the 
engine arranged so that neighbouring pairs of inlets are 
together. The valves are interchangeable, the exhausts 
are operated by overhead' mechanism actuated by long 
push rods, the inlets being automatic and fltted with 
rather stiff springs. Along the top of the base chamber 
a fiat Stat is machined, and on it ride four melal_ blocks on 
a rod ; the blocks are drilled and the rod pa.sscs though 
them ; a spring is slipped on to the rod on each side of one 
block and pressed against it by a collar. The rod is free 
to nibve endwise and motion is imparted to.it by a small 
hiell crank lever at the end of the crank case having its 
short arm cam shaped. 

Depression of the long arm puts a compression on the 
four springs on one side of each of the four blocks, and as 
the valves in turn lift, the blocks slide under their stems 
and hold them open. This is the only engine control 
provided, as the magneto ignition is fixed and there is no 
throttle. 

Petrol is fed into the bell-mouthed end of the inlet pipe 
by a small rotary pump forcing the fuel through a jet 
orifice and no heating appliances are provided. 

The water jackets to the cylinders consist of aluminium 
sleeves which embrace the cylinder barrels only and are 
held in place by steel-rings shrunk on. No water jacketing 
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is provided for the cylinder heads. The connecting rods 
are tubular steel and have the usual tee-shaped ends 
connected to bronze bearings. The dimensions of the 
engine are 1 1 2 mm. bore by 100 mm. stroke, and the 
weight 96 kg. The horse-power developed at l ,300 
revolutions per minute is 30. 

In the Wright machine a pair of nine-toothed sprocket 



Kiii. 41.— Eiglil-CyUnder7oH.P. E.N.V. Engine filled ti> Mr C. 
Grnhame-Whitc's Bl^rLot Type Xtl. Monnplane, 
(Phole hypermiision of Mr C. Cralmni-iVliile.) 

wheels arc attached to the end of the crankshaft behind the 
flywheel, and the drive is by chains to the thirty-three 
toothed chain wheels attached to the two propellers. The 
gear wheels which operate the camshaft and magneto arc 
of fibre, outside the crank chamber and not cased in. 

E.N.V. — ^The E.N.V. engine (Figs. 41 and 42) has eight 
cylinders in two groups of four, and situated in V shape upon 
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the crank chamber, in order to ensure equilibrium without 
great length of crankshaft. The cylinders themselves are of 
cast iron, bored inside and turned outside to ensure equal 
thickness of metal and uniformity of the cylinder walls. 
Great care is taken to make every cylinder of exactly the 



Fig. 42.— Eighl-Cyliiidtr E.N.V. Engine. 

same dimensions, so that the compression is equal in each. 
The connecting rods are attached in opposite pairs to 
the four crankpins. These pins are set at 180° and 
the two sets of cylinders at 90°. The crankshaft is 
supported on five ball bearings, there being one between 
each crank, also one thrust ball race at the forward end of 
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the shaft. The thrust race is to take the thrust of the 
propeller when directly connected to the crankshaft. The 
camshaft is made in one solid forging with its cams, the 
one shaft operating both sets of valves, i.e., it has sixteen 
cams upon it. It is supported by one ball bearing at 
either end, and two plain bearings near the centre (Fig. 43). 

The inlet and exhaust valves are placed side by side 
upon the adjacent sides of the groups of cylinders, and the 
valve stems are set at a slight angle to the centre line of 
the cylinders in order to reduce the clearance volumes of 
the cylinders. The cams actuate tappets through a large 
ball situated at the base of each tappet ; this ball rides in 
a bronze sleeve and the tappet rod rests on the top of it. 

The lubrication of this engine is carried out in a very 
ingenious manner. A piston pump of the hollow bucket 
plunger type is fitted in the latest models ; this pump is 
operated by an eccentric fixed at the rear end of the crank- 
-shaft of the engine, the plunger has a ball foot valve which 
acts a^ the bucket valve, the oil being delivered through 
the eccentric rod, which thus forms the delivery pipe from 
the pump (Fig. 43). The oil then passes into the interior 
of the eccentric strap and thence through several holes 
drilled radially through the eccentric sheave to a central 
hole drilled through the crankshaft. The webs of the 
shaft and the pins are also drilled so that the oil is trans- 
mitted to the large ends of the connecting rods. The oil 
is thence forced, under a pressure of some 30 lb. per square 
inch, up the connecting rods to the gudgeon pins. The 
outflow of oil to these pins is particularly neatly arranged. 
The pins have longitudinal holes drilled through them, and 
each one has a radial hole leading from its journal in such 
a manner that the feeding hole in the bronze bearing of 
the small end of the connecting rod is only directly 
opposite to the hole in the gudgeon pin, and oil therefore 
only flows when the piston is on its upward stroke. The 
oscillatioil of the rod blinds the hole on the downward 
power strokes so that no oil then flows. It is claimed that 
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such an arrangement prevents smoking at the exhaust and 
proper lubrication of the working parts. The 
Tiption of lubricating oil is only 3 pints per hour 
when the engine is developing 60 H.P. 

A central Zenith carburettor with double jet is fitted, 
and the four inlet pipes branch out from a ball fitted above 
the carburettor. Each branch pipe feeds two cylinders. 
The consumption of petrol is given at 0.6 lb. per H.P. per 
hour with both the 40 and 60 H.P. engines. On test, this 
was measured as 0.53 lb. per B.H.P. hour with the 
engine developing r.3 times its R.A.C. rated power. 

Particular attention has been given in designing this 
engine to the cooling arrangements, and it will be seen 
that each cylinder is fitted with an electrolytically deposited 
copper water jacket. The inlet and outlet pipes are 
attached at the lower ends of the jackets and between the 
valve pockets to short branches formed with the jackets, 
and' the water circulation is maintained by means of a 
centrifugal pump. 

The ignition is either by a magneto placed in front of 
the engine or by accumulator and coils. The magneto is 
driven by the crankshaft through inclined gearing at twice 
crankshaft speed. The driving pinion slides on the crank- 
shaft in such a manner that the point of firing can be 
controlled, and also the position of the camshaft relatively 
to the crankshaft, by reason of the inclined teeth. The 
distributer for battery ignition is driven by the camshaft. 
Each cylinder can have two plugs fitted, and the two 
systems made quite separate and independent of one 
another. 

The firing sequence is carefully arranged to ensure 
longitudinal balance and so that the pressure from two 
opposite cylinders is never upon one crankpin at the same 
time ; it is carried out therefore as follows : — 

Numbering the cylinders from the front end as !, 3, 5, 7 
for the left-hand four cylinders, and 2, 4, 6, 8 being the 
numbers of the four cylinders opposite to them, the firing 



t: Go Ogle 



THE GREEN ENGINE 75 

is in the order of 1,8, 5, 4, 7, 2, 3, 6, i. The two opposite 
and diagonal cylinders fire, then two near the middle of the 
engine, then the other two diagonally opposite, and finally 
the remaining two middle cylinders. 

The Green British-built engine (Fig. 44) is chiefly 
noteworthy from the fact that it was with this engine 



FlCi. 44.— The "Green" Engine. 
irMo by pfrmiishii oflhi Alter Cu.) 

fitted to his Short plane that Mr Moore-Brabazon won 
the Daily Mail prize for the first flight of one mile out 
and home with an all-British machine. The chief claim 
made for this engine is its simplicity, and the accom- 
panying figures (44 and 45) make this point apparent. 

Each cylinder barrel is cast separately with its vertical 
valve chambers in steel, and the metal is machined all 
over. The arrangement which allows for this machining 
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enables all the cylinders to be made exactly uniform, and 
the vertical valve pockets reduce the areas out of direct 
line of firing. The water jackets are of thin copper 
pressed out of one piece, and 52-wire gauge thick. The 
joint at the lower end is made by means of a rubber ring 



Fig. 45. — The "Green" EngEne maile by Ihe Asier Co, 

fitting into a groove in a flange formed on the cylinder 
body. The jacket end is slightly bell-mouthed, and slides 
on over this ring, thus allowing for expansion and con- 
traction of the jacket on the principle embodied in the 
Crossley gas engine liners. All the ring Joints round the 
valves and pipes are made of metal wa^^hers. The valves 
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are of the usual mushroom type, inverted and retained in 
separate cages, held down in position by internal locking 
rings. 

The water jackets are carried round flanges made with 
the valve pockets, and secured to them by external locking 
rings screwed on to threads formed on the valve pockets 
for the purpose. The valve stems are not directly operated 
by means of the 
rockers, but a short 
tappet pin is inter- 
posed, being guided 
in a dome-shaped 
head over the valve 
spring and washer. 
The valves are oper- 
ated by an overhead 
camshaft, each pair 
of cams together with 
the rockers being 
encased in a rotatabJe 
aluminium casing. 

These casings 
rotate on bearings 
through which the 
camshaft passes, and 
the undoing of a 
single nut allows of 
a section of the cam 

case being rotated Fjc. 46.-The "Green" Engine Carburettor. 
about the camshaft 

together with the rocker and short tappet pin. The 
valves can thus be drawn without in any way interfering 
with the adjustment of the tappet. By this arrangement 
also proper lubrication is ensured without the risk of oil 
travelling down the valve stems and into the cylinders. 
The method of supporting the crankshaft to the top half 
of the crank chamber is also noteworthy. The usual webs 
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between each pair of cranks have a pair of soh'd columns 
cast with each. These are drilled out, and the bolts which 
pass through these holes, in addition to holding the bear- 
ing caps, also pass through the upper half of the crank 
chamber, and help to hold down the cylinders in position. 
Thus the working stresses are divided between the 
aluminium casting and the steel bolts, this arrangement 
making a strong form of construction. 

The lower half of the crank chamber is of sheet 
aluminium, and forms an oil chamber with a lai^e sump 
in the centre. The pistons and valve cages are of cast 
iron, the engine bearings are of bronze lined with white 
metal. The lubrication of the engine is carried out as 
follows: — An oil channel is cast solid with the upper 
half of the crank chamber and runs along one side 
throughout its whole length. Oil is forced through. this 
by a small gear pump, and the oil is delivered from the 
main channel through holes at right angles to it directly 
into the hollow columns through which the main bearing 
bolts pass, and thence to the main bearings and hollow 
crankshaft. The bolts are reduced in diameter at their 
centres, so forming an annular oil channel. There are 
thus no pipes which may come adrift or leak. 

The Simms British-built go H.P. six-cylinder engine 
{Figs. 47 and 48) is one of a type of engine which has been 
built for many years by the Simms Company for aerial 
work, but il has recently been re-designed, and its weight 
with flywheel reduced to 220 lb. This engine develops 50 
H.P. at 1,200 revolutions per minute, and 60 H.P. at 1,400 
revolutions per minute, being at the rate of i H.P. for 4 lb. 
of weight. The cylinders are of cast iron, with cast-iron 
water jackets, and their bore is no mm. with no mm. 
stroke. These cylinders are arranged in triple sets, and 
are at an angle of 120' to one another. The water circula- 
tion is by centrifugal pump, and the oil by a gear pump of 
gun-metal, and both are gear driven. 
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A train of operating gears is placed outside the crank 
chamber. The top pinion drives a Simms magneto, the 
intermediate wheel gears with a pinion wheel on the crank- 
shaft and drives the camshaft, and the lowest pinion drives 
the oil pump. The carburettor is of an aluminium alloy, and 
combined with it is the throttle and air valve, which are 
formed as ports in the split halves of a sleeve, and arranged 
so that the air must pass through the throttle port, thus 



Fir,. 47.— The"Simins" Engine. 
{Pholos hyfennisdon'ofAlro Meiers J.ltl.) 

each has an independently controlled semi-rotary move- 
ment. These valves are held in position by a flat spring 
pressing upon their flanged covers, the carburettor being a 
simple single Jet with a float feed and has no jacket. 

The three-throw crankshaft is hollow, and weighs only 
I4i lb. ; the oil is forced through it to all the bearings. 

The whole of the valves are operated by a single hollow 
camshaft placed in a fore and aft direction between the 
cylinders and- made in one piece with the cams. The 
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inlet valves are on R, E. Phillips' system and semiauto- 
matic. As a very small effort is required to move 



Fig. 48. — The "Simnis" Engine. 

them, the operating gear is of a light type, all stresses 
being tensile, • . 
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The exhaust valves are of the underneath type, and 
worked by fingers pivoted about a common shaft with 
those of the inlet gear. 

New Eagine Company. — The type of engine now 



Vm. 49,— The New Engine Co. 'sTwo-Cjcle' Mori Engine. View of 
Pump Side. {Byftrminian.) 

made by this British firm is illustrated in Fig. 49, and is 
termed the " Mort " engine. 

The engine works on the two-cycle principle, that is, an 
explosion occurs every time the piston is at the top of its 
stroke, and as compared with a four-cycle engine having 
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the same number of cylinders, the torque is more even and 
the engine is considerably smaller and either lighter per 
horse-power or more robust for the power produced. 

At the lower end of the cylinder is a ring of ports 
— on the one side for admission ; on the other for the 
exhaust. As the piston descends, it first uncovers the 
exhaust ports, thus reducing the pressure inside the 
cylinder to that of the atmosphere. As the piston moves 
down further the inlet ports are opened. Air is driven 
under pressure through the inlet ports, driving the remain- 
ing exhaust gas before it. The cylinder is thus filled with 
fresh air. As the piston rises on the compression stroke it 
commences to close the ports. Slightly before the inlet 
port is closed the neces.sary gas is forced into the cylinder. 
Immediately afterwards the exhaust port is closed and the 
gas compressed, and at the top of the stroke the mixture 
is fired in the usual manner. 

The novelty of the N.K.C. engine consists in the 
method of supplying the fresh air and gas and of timing 
the admission of the gas. Bolted to the side of the engine 
is a case containing a series of three rotary blowers of the 
gear type. The two end ones supply pure air, the centre 
one supplying the gas. Passages cast in the crank case 
conduct the air to the inlet ports, the gas being led through 
a pipe to a rotating valve which at the correct moment 
opens ports allowing the gas to enter the cylinder. 

It will be seen there are no tappet nor slide valves, no 
cam.s, nor springs, and no valve gear, the whole of the 
gas and air distribution being performed by the rotary 
blowers and rotary. valves. 

Since there are double the number of impulses the 
power is approximately 75 per cent, greater than that of a 
four-cycle engine of similar dimensions.' 

The ports are large, and there is, therefore, no 
throttling of the mixture at high speeds ; thus the power 
developed is in direct proportion to the rate of engine 
revolution. 
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The great advantages of the two-cycle sy^item have 
always been admitted, but the difficulty has been in the 
method adopted for driving the air into the cylinder. It 
has hitherto been necessary to compress the air either in 
the crank chamber, or in a separate cylinder fitted with a 
reciprocating piston, thus adding to the complication and 
weight. These disadvantages are avoided in the Mort 
engine, whilst the advantages of the two-cycle system are 
retained. 

These engines are standardised and built in three sizes, 
but the design is suitable for engines of the verj- largest 
powers. 

The smallest sized engine has two cylinders, and 
develops 12 H.P. at a speed of I,ooo revolutions per minute. 
When accelerated it will produce 24 H.P. at 3,000 revolu- 
tions per minute. The weight of this engine is guaranteed 
not to exceed 85 lb., the magneto about 8 lb. and the 
radiator about 1 1 lb. extra. 

The next size is fitted with four cylinders, and develops 
24 H.P. at 1,000 revolutions per minute, and will develop 
48 H.P. when accelerated to 3,000 revolutions per minute. 
The weight of this engine is guaranteed not to exceed 
IS5 lb. without the magneto, the latter weighing about 
10 lb. and the radiator about 22 lb. 

The third size is fitted with six cylinders, and develops 
36 H.P. at 1,000 revolutions per minute and can be accele- 
rated to produce 72 H.P. at 2,000 revolutions per minute. 
Its weight is not more than 310 lb. plus radiator about 
38 lb. 

It will be noted that a two-cycle engine is the equal 
in smoothness of running and evenness of torque of a four- 
cycle engine, with double the number of cylinders, and the 
makers of this engine claim that it produces practically 
no vibration. 

The N.E.C. engines are guaranteed to produce their 
rated power at 1,000 revolutions per minikte with the 
aeroplane travelling through the air at 35 miles per hour, 
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and that they will require 2$ per cent, less radiating surface 
than four-cycle engines, of the same power. 



The lubricant is in each instance forced through a 
hollow crankshaft, and the ignition is by high tension 
magneto. 
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CHAPTER VII. 

PROPELLERS* 

If there is one essential part of a flying machine about 
which the least is really known, and with regard to which 
the greatest diversity of opinion is expressed, that detail is 
the propeller. It i.s not surprising, therefore, that the 
propeller Is the least efficient portion of the whole com- 
bination of carefully designed mechanical appliances 
embodied in the complete machine. 

As an instance of this being the case we only need 
reflect on the proceedings of some of the leading aviators 
at the meetings during the year 1909. Several propellers 
were to be found in the hangars, and these were tried in 
turn upon one machine with one engine. The method of 
procedure was as follows : — The machine was located upon 
the ground and attached to a dynamometer by means of 
cords. Each propeller was tried and dynamometer read- 
ings taken in order to determine which gave the best 
thrust at the most suitable engine speed. In order to 
further demonstrate the diversity of opinion upon pro- 
pellers we have only to bear in mind that such an 
important consideration as that of the most suitable number 
of blades in any particular case is not definitely settled. 

Air propellers are not governed by quite the same 
conditions as water propellers, as although each is a means 
of moving a column of air or water as the case may be, 



* The Author is indebted to T. W. K. Clarke, A.M.I.C.E., for 
le useful suggestions and criticisms in these two chapters. 
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the proportionate value of the coefficient of friction does 
not hold. By this is meant that although the mass of an 
equal volume of air and water is in the relation of about 
I to 800, the friction of the air upon the propeller blades 
as they cut through it is much more than sij of the 
amount of friction set up by water upon 
similarly shaped blades. 

A propeller has two duties to perform, the 
first being to propel as large a volume of air 
as possible in a given time, which means area 
of propeller, speed of rotation and pitch ; this 
must be done with the smallest possible con- 
sumption of power. Secondly, the blades 
themselves, together with the boss, must 
move through the air with the smallest 
amount of skin friction and head resistance. 
It will be seen that when the area of each 
blade is large, and the moment of thi.s area 
about the centre of the shaft is high, much 
more power will be required to overcome 
skin resistance at a given rate of revolutions 
if the blade is at all humpy than if the blade 
area were .smaller and the same rate of revolu- 
tions maintained. In the first place, the skin 
resi.stance of the larger blade is greater, and 
if the pitch of the blades is the same in each 
case it may happen that the larger blades will 
Ftr.. 51. give no more thrust than the smaller ones, 
%:^^^° any extra "grip" which the larger ones may 
Propeller. g^^ Upon the air being neutralised by the in- 
creased skin friction of the blades themselves. 
The effective width of the blade is also limited by the 
amount of air .set in molion, as we find that when the 
maximum velocity is imparted to any molecule of air by 
the velocity and shape of the face of the blade, any 
addition of blade breadth cannot increase thi.s velocity and 
only results in the increased skin friction already referred to. 
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We may set it down as an axiom that there is no 
standard shape or type of blade as regards normal projec- 
tion which will be equally efficient under very diverse 
conditions of working. It is, however, possible to anticipate 
by measurement the best conditions under which any par- 
ticular propeller will work. It is also possible to so arrange 
the design and number of blades that a column of air of 1 
diameter equal to the diameter of the blades will be acted 
upon almost as though the air were a solid medium, i.e., 
with a very small amount of slip. Major John Squires, of 
America, states in simple language thd means of showing 
graphically when the correct number of blades is arrived 
at:— 

" If in plotting the thrust curve, the thrust units be considered 
as abscissae and the blade units as ordinates, as more blades are 
added the curve becomes horizontal, and at this point a sufficient 
number of blades is indicated." 

There are five variables to take into account in pro- 
peller design, 

1. The speed of the machine and the power available. 

2. The speed of revolution of the propeller, determined 
by the engine. 

3. The area A (as below) which is governed by No i, 
except it be limited by practical conditions of the design 
of the machine. 

4. The pitch, which depends on i and 2, except in 
the case mentioned when the area A is limited, in which 
case it depends on this area A as well. The pitch is as 
important as the speed of revolution, and bears a close 
relation to it as the pressure caused by moving air varies 
as v. 

5. The width of the blades, governed by all the above 
and by experimental results. 

Referring now to the previous four variables in propeller 
design, Mr T. W. K. Clarke points out that there are two 
distinct classes into which propellers may be placed. 
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These may be designated by the following example for 
a 30 H.P. machine : — 

If the speed of flight is to be 40 miles per hour maxi- 
mum, a propeller diameter of say 7 ft. 6 in. would be 
required to give a high efficiency. In many cases, owing 
to faulty design of the machine, such a diameter might be 
either not permissible or inconvenient, and a 6 ft. diameter 
might be the maximum. 

At the correct speed of the rearward air stream ejected 
from the propeller (which is equal to the speed of the 
machine plus the slip), the volume of air dealt with by the 
smaller propeller, even assuming a total disc area displace- 
ment, would be insufficient to produce the necessary pro- 
pulsive reaction and to absorb the engine power. This can 
only be produced by increasing the pitch of the propeller 
and consequently the velocity of the rearward air stream, 
thus a very large slip results and the thrust per horse-power 
is much reduced, as will be seen in the next chapter. Such 
a modification of design gives rise to the usually accepted 
fallacy that air propellers involve a low efficiency and 
great slip. 

Variations, therefore, of either rate of revolution or pitch 
varies the work done or expended as the cube of the 
variation, as we have a second power variable to begin with. 
Major Squires' experiments give briefly the following ideal 
results, for fixed propellers moving a column of air away 
from them, 

P = pitch, 

N = rate of revolutions per minute, 

A = projected area of the atr stream, 

T = thrust per horse-power, 
H. P. = horse-power. 

1. Doubling N when P and A are constant, increases H.P. 

by N' and decreases T by -. 

a. Doubling N and making - with P constant, H.P. increases 
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as N* and decreases as A, which = increasing H.P. as 

N^, and decreasing T as — -. 

3. Doubling N and making — and A is constant, H.P. and T 

remain the same. 

4. Doubling A when N and P are constant, H.P. increases 

directly as A and T remains the same. 

5. Doubling A and making — with ? constant, H.P. increases 

directly as A, and decreases as N*, H.P. decreases as 
W "^ increases as ±. 

6. Doubling A and making - - with N constant, H.P. increases 

as A and decreases as P", == H.P. decreasing as j^^and 
increasing T as -^. 

7. Doubling P when N and A are constant, H.P. increases 

as P', and T decreases as — . 

8. Doubling P and making — with A constant, then H.P. and 

T remain constant. 

9. Doubling P and making — with N constant, H.P. increases 

as P' and decreases as A, == H.P. increasing as F*, and 
decreasing T as — . 

o. Doubling N and doubling A with P constant, H.P. increases 
as N^ and directly as A, ~ H.P. increasing as N*, and T 
decreasing as-—. 

ir. Doubling N and doubling A, making — ■, H.P. increases 

as N' and directly as A, and decreases as P', = H.P. 
increasing directly as A, and T remains the same. 
12. Doubling N and doubling P with A constant, H.P. increases 
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as N" and as P^, % H.P, increasing as N*, and decreasing 

13. Doubling N and doubling P, and making - , H.P. increases 
as N' and P*, and decreases as -^ == H.P. increasing as 



14, Doubling A and doubling P with N constant, H.P. increases 
as A and P*, = H.P. increasing as P*, and decreasing T 



15. Doubling A and doubting P, and making — , H.P. increases 

as A and P', and decreases *s -^ , ^ H.P. increasing as 
A and T remains the same. 

16. Doubling N and doubling A and doubling P, H.P. increases 

as N', as A, and as P', = H.P. increasing as N', or P^, 

and T decreasing as ^.* 

Putting the above results into a simple form we find 
that— 

H.P. = N»P'R^ 
Actual thrust ■=- N^ P* R-, 

or T « "J^- ■ 
"NxP 

Case 6 shows that by doubling the area and halving 
the pitch the power consumed is decreased to one quarter, 
and the thrust per horse-power is doubled when the rate of 
revolution is unchanged, that is to say, the engine speed 
remains constant, and it is the engine speed in the 
majority of cases which is one of the determining factors. 

Increase of area increases the horse-power required 
in direct proportion whilst it docs not increa.se the thrust 

* These results, in a somewhat different form appe.ired in Fli);hl. 
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per horse-power, consequently multiplying the area by four, 
so that the original horse-power in the motor is absorbed, 
and the thrust per horse-power being doubled as above 
owing to the pitch being halved, the resulting thrust 
is double what it would have been with the original pitch. 

It must be borne in mind that "area" refers to the 
area of the disc through which the blades revolve, as the 
air pressure created by the blades should be over the whole 
disc and not merely upon an area equal to the blade area. 

In practice, however, no propeller in use does give the 
effect over the whole disc owing to eddie.s, and to the presence 
of the boss and the roots of the blades which give no useful 
propulsive effect to the air. Many propellers only give the 
work calculated on blade area, and thus the table should be 
used with due caution ; it is given solely as indicating the 
relative results of different values of the constants and 
variables. 

It should be noted, however, that propellers of equal 
efficiencies can deliver widely different thrusts per horse- 
power, as in cases 5 and 6 where the thrust per 
horse-power is doubled by halving the pitch and doubling 
the area. 

The above data, it must be remembered, are for a 
propeller thrusting against a fixed point, and a higher 
thrust per horse-power does not actually signify that a 
higher efficiency is obtained. It is also to be borne in 
mind that conditions of fixed point thrust are not the 
same as when the propeller is moving forward into un- 
disturbed air, and it does not follow that a propeller 
with a high thrust per horse-power will give greater 
speed through the air than one developing a lower thrust 
value. 

Now considering a propeller moving forward through 
the air as is the case in actual flight, it is easier to assume 
that this propeller has cent per cent, efficiency. 

The work done by the propeller consi.sts in moving 
a ma.ss of air of known weight at a certain rate per minute, 
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and in this way can be compared to a pump raising water 
through a vertical rising main. 
If W = foot-pounds of work done per unit of lime, 
«» = total weight of air moved, 
K'i = weight of a cubic foot of air, say 0-073 '^1 
»'-■. — W| X (total number of cubic feet of air moved in unit 
of time) say C, 

W = B',xC. 

'g 2,? 

If R = revolutions per second, 

A— area through which propulsive effect is exerted, 
P = pitch of propeller in feet, 
^=32'2 ft. per second per second, 
V = velocity of air in feet per second, 
It will be seen that C is dependent on P x A x R, so the 



equation becomes 



W: 



_ (PAR)7f, Vg 



PM.RS;(', ^ 
*"" tK'^'^ '■ 
Substituting practical values in the above equation — 

Let a 40 H.P. engine drive a prrp Her 8 ft. diameter 
(50 sq. ft. area swept) at 20 revolutioi.:; per second = 1,200 
revolutions per minute. The correct pitch of such a 
propeller is required to be found (\V = 22,000 ft.-lb. per 
second). 

P^x 5 0x8,000x0-0 73 
64-4 X 21,000 
.-. P' = 4S-5, 
P = 3-65 ft. 

Thus we have the four values fixed for this propeller. 
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Now, calculating the thrust = T as before — 
T = AV*xo-ooi39 
and V = P X R 

= 3'6sx so 

= 334lb. = 8-37lb. perH.P. 

1. If a 20 H.P. engine had been used, the pitch would 
have been 2*9 ft., and T = 233 lb.= ir6 lb. per H.P. 

If we retain the 20 H.P., and the revolutions per second 
are constant, and increase the pitch of the blades, at the 
same time reducing the diameter and area of the propeller. 
Suppose the pitch is 3 ft. and VV = (now 11,000) ft.-lb. 
per second — 

^^^.,000x64-4 
27x8,000x0-73 
= 4487 sq. ft., or a diameter = 7-5 ft. 
T - 44-87 X (3 X 20)* X o-oor39 
T=224lb. = ir.zlb. per H.P. 

2. Comparing the two results for a 20 H.P. engine we 
have : — 

(<?) Area 50 sq. ft., and air velocity 57-86 ft per second, 
(i) Area 4487 sq. ft., and air velocity 60 ft. per second. 
If we assume that the head resistance of the machine 
is equal to that of 20 sq. ft. in a plane normal to the 
direction of flight, and the head resistance is proportional 
to V-, which appears as propeller slip, it is evident that 
the velocity of flight will be decreased by any addition of 
area, and its resistance in proportion to V*. Let a = the 
added area = 20 scj. ft., we have — 

V A+« 
and the resultant velocity of the machine in each case 

will be 

I. V-^' (ii23iSii'-45 ft. per second. 

'°'"= 50 ft. per second. 



„ /44-S7x(3x 
V 44-87 t 2 
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As a result we find that the propeller with the (2) lower 
thrust value (ir2 lb. per H.P.) gives a greater theoretical 
flight velocity than that with the (1) higher value (ir6 lb- 
per H.P.). 

(These calculations are taken from Major Squires' 
paper.) 

Rankin Kennedy approaches the subject of propeller 
calculation in a somewhat simpler form, taking the force 
required to propel a given volume of air astern of the 

W 
propeller per second = ^ as before, that is, the total foot- 
pounds of work done divided by the velocity of the air, thus 
giving a unit of " pounds " — 

?^' = yjiir Vx(AVx 0-073) 
V ^' '"' s ' 

g 

If a propeller drives a column of air of 64 sq. ft. in area 
at a velocity of 20 ft. per second, it accelerates to that speed 
a weight of air per second — 

(Cx7(V = f('=2ox64Xo-073 
= 93'S lb. p<;r second. 

The equal and opposite force appearing as thrust at the 
propeller — 

5J = i?'< 93'S = 53.5 lb. thrusi. 
7c = the foot-pounds of work done per second — - 

T/lV^ 7/jVS 

2,?- 2^X550 

where x = the efficiency coefficient of the proi)ellcr. 

When the machine moves forward through the air at 
a speed = S in feet per second, the column of air leaves the 
wake of the propeller at a velocity (S + V). Rankin 
Kennedy here assumes that the velocity of the wake 
relatively to the surrounding air is the same when the 
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machine is in motion as when at rest, but this is a 

fallacy. 

The thrust of the propeller Is then proportional to— 

7('(S + V)V . . 

—5 '— or in pounds 

_o-o73( S + V)VxA 
32 
showing the advantage gained by advancing the propeller 
in the air giving it a positive feed. 

(S + V) probably increases, but V decreases as S in- 
creases, and the product V(S + V), and therefore the thrust, 
decreases as the speed of the machine increases. 

If the theoretical efficiency were obtained it would 



thus if S = 6o ft, per second and the slip of the propeller 
= 40 ft. per second — 

S + V = ioo ft. per second, this being the speed of the wake 
of the propeller relatively to the machine. 

The efficiency = — °— = 75 per cent. 
60 + ^° 

Now as S + V =100 ft. per second and the propeller 
revolved at 1,200 revolutions per minute = 20 revolutions 



We may consider the work to be done by the propeller 
upon the air in a different manner. The object of a 
propeller is to set in motion a given weight of air in a 
given time; the air must be accelerated from a state of 
comparative rest until it has acquired a certain velocity in 
the same way that a body, having potential energy, may 
acquire a certain velocity when acted upon by gravity for 
a certain known time. 
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Under these conditions — 

V= J^. 
Where ;= 32 ft. per second per second, 

^ = the height in feet through which the body falls, 
/« — the mass of the body, 
The energy imparted to the body= . 

If we take the mass as unity we find that the foot- 
pounds of air per second to be delivered by a propeller 
are proportional to V*. 

The total weight of air to be delivered in a second 
is the product of (i) the disc area in square feet (net 
value), (2) the speed of flight in feet per second, (3) the 
weight of a cubic foot of air. If this is multiplied by the 

energy imparted to a pound of air as obtained by — we 

have as a product the foot-pounds of energy imparted 
to the air at any particular speed. This divided by the 
speed will give the thrust obtained if the propeller is of 
nt. per cent, efficiency. 
Say we have a propeller 7 ft. diameter= 38"S sq. ft.; 
flying speed = 40 miles per hour = 58 ft. per second ; speed 
of air delivered by propeller = 8s ft. per second ; weight of 
a cubic foot of air in round figures = oo8 lb. 

■ — =113 fl--Ib. of energy imparted per pound of air. 

- 2g 

If we take the effective area of the propeller = 30 sq. ft. — 

85x113x008 = 23,100. 

The horse-power required = - —— — 41, 

The thrust of the propeller = — g^ = 2 7 2 lb. 

When considering the work done by a screw propeller, 
it is a common error to suppose that the whole of such 
work is performed by the face of the blades. It is a fact 



The total energy in foot-pounds 
per second imparted to the air 
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that the most perceptible air stream appears at the wake of 
the propeller, and that only slight indications of air motion 
are observable in front of it. 

However, Mr Holroyd Smith's interesting 
fan experiment shows that it is the induceil 
air rather than the air thrusted whidi has the 
greatest effect. 

He takes a lighted candle and approaches 
it rapidly with a flat fan the surface of which 
is normal to the direction of motion. The 
approach of this ^iurfacc produces no effect 
upon the flame, but when the surface is rapidly 
moved away from the flame the latter is at 
once extinguished by the rush of induced air. 
It follows, therefore, that the shape of the back 
of propeller blades is an important factor in 
their efficiency, and we .see that this shape 
varies in .several important firms' productions. 
The difference in the shape of the two faces 
of a propeller blade must be due to mechani- 
cal considerations of design. VVIien we liken 
a propeller blade to an aerofoil we find that 
the convexity of the back of the blade is 
greater in proportion than that on the back 
of an aerofoil, as the magnitude of the stress 
upon the blade is greater. This stress is a 
somewhat complicated one, consisting first of 
a bending stress along the whole of the blade 
in its greater dimension, when considered as Airi^hsi^. 

a cantilever supported at the boss. This vw,. sj. — Th= 
stress is due to the moment of the total i^^'^iitri' Sfa. 
thrust upon one blade about the distance ^teTaXh.'";; 
between the centre of pressure of the blade "'^w.p'.m'. *' 
and its root. 

There is in addition a bending stress along the lesser 
dimension of the blade due to the angle of incidence of the 
blade imparting energy to the air column which it moves, 
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when the face of the blade is convex the motion imparted 
to the air should be a gradual acceleration. 

This enei^y, it will be seen, is imparted by the trailing 
as well as by the leading edge of the blade, and it is still a 
disputed point as to the best distribution of material to 
resist these stresses. 

Chauvifere leaves the greatest mass of material in the 
form of thickness of blade in the vicinity of the trailing 
edge, the maximum thickness occurring about one-third of 
the width of the blade from this edge. 

On the other hand, T. W. K. Clarke adopts the aerofoil 
design, and thickens his blades the same distance from the 
leading edge. 

In addition to the stresses already referred to, there is a 
tension all over the sectional area due to the centrifugal 
force acting upon the mass of the blades and tending to 
burst them. The magnitude of this stress at the root of 
the blades is found from the formula for centrifugal force, 
where — 

gf ' 
VV = weight of blade in lbs. 
T = tension in lbs. 
V = velocity in feet per second of the centre 

of gravity of a blade. 
r= radius in feet. 
It will be seen that in high-speed propellers this force 
may be of considerable magnitude, and where the tip 
velocity exceeds 250 feet per second wooden blades should 
be constructed of walnut or Honduras mahogany rather 
than of the softer timbers. An important feature in blade 
construction is uniformity of contour, and this must be 
maintained by the stiffness of the material of which the 
blade is constructed. Any involuntary deformation of 
shape due to impressed forces may result seriously, and 
involuntary increase of pitch should be guarded against. 
The shape of the leading edge of the blades is of great 
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importance. This edge should curve forward into the air 
near the centre of its effective length ; it should have an easy 
and gradual entry in order to reduce the shock impressed 
upon the molecules of air. A high class propeller, such as 
the Chauvi^re, is constructed with a well-curved leading 
edge, with a very slight initial angle of incidence, this angle 
gradually increases owing to the concavity of blade face ; 
this concavity amounts to about 3 mm. at its maximum 
in the 7 ft. type at 1,500 r.p,m. for 25 H.P. engines. 

A note on a few particulars of the Chauviere blades 
may be of interest. Looking at the propeller from the face 
the trailing edges of the two blades are in a direct line, 
which passes through the centre of the axis. The trailing 
edges are practically in a straight line in a direction normal 
to the axis but sweep forward about 3 mm. at the tip. 

The tip of the blade is well rounded, and the leading 
edge sweeps well outwards and forwards, attaining its 
maximum width at 07 of the distance from the axis to the 
tip, where in one particular case this projected width is 220 
mm., and the normal or perpendicular to the pitch angle is 
55 mm.* 

The blade has a constant pitch until it approaches the 
third tenth of blade length from the axis, where the pitch 
slightly decreases. The blade width also gradually de- 
creases as it approaches the root. 

The blades are covered all over with fine canvas, 
painted, and varnished to a high degree of finish in order 
to prevent the blades splitting, and to reduce the skin 
friction to a minimum. The roots or anns of the blades 
must be sufficiently strong to withstand the stresses to 
which they are subjected, and the boss must be of ample 
size on account of the tension on the two sides, in front of 
the leading edge of each blade, caused by the transmission 
of power from the engine shaft through the boss to the 
roots of the blades. 

* This propeller is for the Anzani 25 H.P. engine. 
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Flc. 53. — " Gnome " Engine (iUe<i wilh Chauviiie Propeller ert-oed in a 
Biplane Fusilagt:. 

The effect of the boss and arms of the blades, together 
with that of the presence of the engine or other driving 
mechanism, is to cause the stream lines of the wake to 
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diverge, and also to produce eddy currents in the vortex 
immediately behind the centre of the propeller. Such 
being the case, we cannot definitely state the exact relation 
between the theoretical and actual air discharge, or, in 
other words, the ratio of net value of disc area to total disc 
area. ■'' 

The study of aerial propellers is only in its itifancy, and 
an enormous amount of experimental work remains to be 
done. The efficiency of present-day designs is abnormally 
low, and in many cases not more than 50 per cent. 

There is evidently a very great scope for research and 
invention in this direction alone. The position of the-pro- 
peller with regard to the planes is of great importance and 
the effect of disturbed air upon the thrust, and whereas in 
some types of machine the propeller works in undisturbed 
air, forcing turbulent eddies under the main planes, in 
others the Conditions are exactly reversed. 
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EFFICIENCY OF PROPELLERS. 

Mr a, E. SeatON, in calculating the thrust of a water 
propeller, does not agree that the thrust varies absolutely 
with the acting surface, as a square foot of surface at the 
tips will naturally be more effective than a squai^e foot near 
the root of the blades. The statement that thrust varies 
directly as area is, therefore, somewhat misleading, as the 
shape of the blades ftiust be taken into account, neglecting 
for a moment the questions of diameter and pitch. He 
therefore prefers to take the product of diameter and square 
root of blade area as one of the controlling factors, instead 
of the area, but he also agrees that the thrust varies 
inversely with the pitch ratio. 

Let A = the a^regate area of active blade surface in square 

feet, 
D = the diameter of the propeller in feet, 
V = the velocity of the propeller in direction of motion 

of the vessel in feet per second, 

P, = the pitch ratio, i.e., J9^^^, 
diameter 

G = ratio of distance of the centre of gravity of the blade 

face from the boss to half the diameter of the 

propeller. 

We have for an ordinary screw propeller : — 
Thrust m lb. = ^ x U. 
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The following valu< 
shapes of blades : — 



■for G may be taken for common 



Values 
Griffith's blade, broad - 
Griffith's bUde, narrow 
Oval and lear-sha|>ed round 
Circular blade 
Circular broad tipped - 
Square tipped blade 



= 0'42 

= o-45 too-5 



Seaton's example for an application of this rule for 
.water is as follows i — 

l)iameter = 6*5 ft., pitch=8 ft., revolutions = 360 per minute, 
area of blades = 1 2 sq. ft. leaf-shaped, 



_ 6-sx Vi2X48» ^ 

1-23 

= 16,830 lb. 



In all probability this rule would hold for air propulsion 



with the addition of a factor taki 

of the two bodies, air and water. 

Griffith's rules for blades givi 

Width of blade at widest part 
Width of blade at tip 
Curvature of blade forward 



ing account of the masses 



^ diameter of propeller, 
IT diameter. 



The results of experiments show that with allowances 
for the difference in the densities of air and water about 
800 to I, the actions of air propellers are similar to those 
of water propellers. 

The problem is not quite the same with air propulsion 
as in water propulsion, owing to there being no wetted 
surface factor to take into account in the former, and the 
air does not adhere to the surface as does the water. The 
diameter of an air propeller is not, therefore, limited by 
skin friction as is the case with a water propeller. 
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It has been shown how that the thrust varies with 
other variables, such as the area of the blades and the 
sqaare of the speed, and that the power varies as the cube 
of the speed. The power and thrust increase with the 
diameter of the propeller, and the general opinion is that 
a slow speed propeller is necessarily more efficient than a 
high speed one. 

Sir William White disputes this theory on the ground 
that for the last fifty years designers have been engaged 
on the production of an efficient slow speed propeller, and 
that modern high speed engines have only recently de- 
manded propellers to suit their speeds of shaft rotation. 
He states that as the number of variables is so great, it is 
almost impossible to calculate out the most efficient type of 
high speed propeller for any particular requirements — this 
can only be settled by experiment. Also, when a suitable 
high speed propeller is produced to suit one particular case, 
no hard and fast rule can be formulated to apply the data 
obtained to all and every case. 

The high speed propeller is a new problem, and as in 
the past it has taken years of investigation to arrive at an 
efficient slow speed type there is no reason to condemn 
the high speed propeller /^^r se as inefficient. 

There is another diff"erence, however, between water 
and air propulsion, and that is in the feed or the manner 
in which the medium flows through the vortex. 

When the propeller revolves against a fixed thrust point, 
in air which was previously stationary, the tendency is for 
the propeller to be surrounded by a vacuous vortex, owing 
to the small inertia of the air, consequently the thrust 
rapidly diminishes. 

When, however, the propeller moves forward into fresh 
icones, its feed is more nearly assured, and if the propeller 
moves forward through the air at a velocity equal to its 
pitch multiplied by its speed of rotation, so that there is 
no slip, its efficiency is a maximum. 

Professor H. Chatleyhas deduced the following formula 
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for a screw propeller with lOO per cent, slip, i.e., rotating 
with no lateral movement : — 

Where T = thrust in pounds, 

r = revolutions per second, 
HP = the horse-power, 
D = diameter of propeller in feet. 
T = oir^HP DT. 
A more general and simpler formula than the above is — 
T <= HP' R*. 

The following rule based on Mr W. G. Walker's experi- 
ments with fans must be applied where A is the ratio of 
projected area to disc area : — 






What happens when a propeller rotates in air is that the 
air itself, in addition to flowing laterally away from the 
propeller, is also driven out circumferentially, and returns 
from the rear to the front of the propeller, Maxim found 
that there was no centrifugal . action until the pitch angle 
exceeded 45°. The air in motion in the vicinity of 
the propeller is one mass of eddies, though there is a 
comparative calm in front of the propeller owing to the 
small inertia of the air itself. 

The thrust of an aerial propeller is a very varying 
quantity depending on a great number of conditions, and 
some very extraordinary claims are made in respect of 
certain designs. Mr Sidney Hollands has made a very 
large number of experiments with aerial propellers of the 
same diameter but with varying pitch, forms of blade, 
numbers of blades, and different cross sectional curvature 
ofblades. He started with six blades but gradually reduced 
their number to two. He also found that with a two- 
bladed propeller greater efficiency was obtained with narrow 
tipped than with broad tipped blades. His best results 
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were obtained with a blade tip one-third the width of the 
root, and a pitch angle of 15" at the tip and 30° at the 
root, giving a mean pitch angle of 22°, With a propeller 
of this type 6 ft. in diameter he obtained a maximum 
thrust of 26"S lb. per horse-power when small power was 
applied, and nearly 20 lb. per horse-power at maximum 
working load. Thrusts as high as 75 lb. per horse-power 
have been obtained against a fixed thrust point by Herr 
Kress and others. 

Comparing now the thrust obtained against a fixed 
thrust point with those in actual flight, we may take as an 
example the Wright propellers, which are undoubtedly 
highly suitable for the machine in question. If we take 
the horse-power of the engine as 29 to 30, and the speed 
of flight of the machine at 56 ft. per second, we have 550 
foot-pounds of work done per .second per horse-power. 

— ^ — - 3- = i9S lb. total thrust with an ideal efficiency, 
= 9'8 lb. thrust ideally per horse-power. 

The actual thrust of the two propellers is combined, 200 
to 220 lb,, equal to 7'35 lb. per horse-power. Lanchester 
takes the total thrust of these propellers at 155 lb. per pair. 

In many cases about 7 lb. per horse-power is all that 
is obtained. The Chauviere propeller is one of the most 
successful that has been produced, and it will be recognised 
in some of the photographs in this book. Its details 
are in the possession of the author, but it is not considered 
expedient to publish them here, but these naturally vary 
in each different instance according to requirements. 

There should be no difficulty in designing a propeller 
that would give 80 per cent, efficiency if Sir William 
White's reasoning is correct, and he speaks with authority ; 
at present 50 per cent, is much nearer the mark. That is 
to say, that of all the power supplied by the engine of a 
flying machine, one-half is now wasted. Generally speaking, 
it is more economical to impart a small velocity to a large 
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mass of air rather than a high velocity to a small mass, and 
for this reason large diameter is sought. 

The less the theoretical slip of a propeller and the 
greater the horse-power to be transmitted, the greater 
should be the diameter. 

Rigidity of blade should be observed, as flimsy blades are 
often a source of loss, owing to change of shape under load. 

It is useful to notice that the product of the thrust in 
pounds per horse-power into the speed of the aeroplane 
could not exceed 550 ft.-lb. per second, so that at speeds of 
27 ft per second the maximum thrust would be 20 lb. per 
horse -power. 

Maxim attaches very great importance to the smooth- 
ness of the surfaces of propellers. In one of his early 
experiments he tried a wooden propeller with no pitch, and 
found that he obtained no reading on his dynamometer 
though the propeller was 18 in. diameter. The power 
required here was too small to give a reading, but a 
similar propeller made of tin produced a measurable 
reading, no doubt due to the uneven surface of the tin. 
With blades of 18 in. diameter and 24 in. pitch, running at 
2,500 revolutions per minute, a two-bladed propeller with 
flat faces gave a thrust of 14 lb. 

The foot-pounds of energy per minute imparted to the 
air then equal the revolutions per minute by pitch in feet 
by thrust, and this value corresponded exactly with the 
dynamometer, showing that the skin friction was practi- 
cally negligible. 

Taking a propeller with blades of the same dimensions 
but of a concave section, and under the same conditions, 
the thrust produced was greater and more power was 
required to run it, and comparison with the dynamometer 
showed that skin friction was becoming apparent. 

A third screw with a compound increasing pitch was 
tried and a much greater thrust was obtained, but the 
power expended was more than proportionately- greater 
though the mean pitch was the same in each case. 
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Maxim's screws were thin, and although he tried thicken- 
ing the blades in the centre, very little extra energy was 
expended. The larger screws were made of American 
white pine varnished and sandpapered and covered widi 
linen fabric, coated with glue and finally with paint. 

He found that very little skin friction was measurable 
with i6 ft. pitch and 17 ft. 10 in. diameter; he therefore 
disagrees that the skin friction is as great as is generally 
supposed, and attributes bad results to roughness of surface 
entirely. The metal French propellers are notoriously 
inefficient owing to irregularity of blade surface and to the 
arm on the back of the blade offering considerable resist- 
ance to the air, 

French experimenters have produced some highly in- 
teresting and useful results of efficiency tests upon propellers 
thrusting against a fixed point. The following calculations 
are worked in C.G.S. units, and remembering that the French 
horse-power is slightly lower than the British, we take the 
value of I H.P. = 75 kilogrammetres per second. 

When P = the thrust in kilogrammes, M=.the mass of 
the air to which is imparted a veIocity = V in metres per 
second, the kinetic energy = T.* 

T = iMV2 

2 

The consumed horse-power=T^ 

Ti = -ixlMV«=— MV^ 
7S 2 ISO 

the thrust per horse-power will then be 

From the above formula it will be seen that with a speed 

of wake of 10 metres per second the thrust perH.P.= — 

= 15 kilt^rammes per H.P, 

* Note T is not the thrust, and that the notation is different in 
this example. 



lyGOOgIC 



CALCULATIONS fOR THKUST AND POWER 109 

If the speed of wake is increased to 30 metres per 
second the thrust per H.P. = -^ =5 kilogrammes per H.P. 
theoretically. 

It will thus be seen that the theoretical thrust per horse- 
power varies inversely as the velocity of the wake when 
thrusting against a fixed point. 

Now if we consider that the volume of air acted upon 
is equal to the disc area of the propeller, of a diameter 
= D multiplied by the velocity of the wake = V as before. 

The volume acted upon in unit time 

4 

the mass 

4 s ' 

where A = the mass of a cubic metre of air = i -29 kg. 

(Thrust) P^^^^xVxV = ^^^.V^. 
A g AS 

The power then required = T', 

(H.P.)T'=~-- ^. ^. vs. 

150 4 ^ 

Working with the above formula we can proceed to 
calculate the thrust power which can be given by a pro- 
peller 2 metres in diameter when propelling air at a velocity 
of 10 metres per second, 

rilinist) P = '^iii^ X i22 X io= = 4r3 kg. 
4 9'*' 

where^=9'8i metres per second per second 

theH.P.=Ti = ^x''^i^'x^xio»-276. 

150 4 9'8i 

These results are the theoretical values, and are naturally 
higher than can be obtained in practice with the best pro- 
pellers, and we will proceed to discover what efficiency can 
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be obtained, and will work out two difTerent methods Tor 
arriving at the results. 

A certain amount of slip is necessary in order to obtain 
thrust, as it is inconceivable that when a machine is in 
motion through the air there should be no wake. If the 
speed of the point of application were equal to the speed 
of wake there would be no thrust, but it must be understood 
that the conditions when the; point of application is in 
motion and the propeller m^ing through the air are 
different from those prevailing wlien the thrust point is 
fixed. 

One propeller tested by M. Boyer-Guillon in Paris had 
a diameter of i metre, and gave a thrust of 1 5 kg. when 
consuming 2713 H.P. 

Taking the formula — 

4 S 
we have 



If V= 12 metres per second, V*= 144, and 



The actual power consumed = 27 1 3 H.P. Efficiency 

= — =44 per cent, by this method. 

This velocity of I2 metres per second was, however, not 
the correct one, as observations with a Pitot tube showed 
that eddies were present and that the stream lines diverged 
from the axial direction. When we work backwards from 
the horse-power formula we find 
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_ g7i3x r5°x4X9'6 



whence V= 158 metres per second. 
At this speed the thrust would be 



giii 



iS-8'='S7Skgs. 



As the actual measured thrust was 15 kg, the thrust 
efficiency =E, 

E = ^-^ = 58-3 per cent. 
»5"73 

We will proceed to show how this method of calculating 
the efficiency by means of thrust, and devised by M. Hector 
Pouleur, is a most accurate one, and that by his method 
the efficiency of a propeller is practically constant The 
same propeller as above worked-out in the same manner 
gives an efficiency of 57*25 per cent, when thrusting 10 kg. 
and consuming 1'$^ H.P., and the following table shows 
values for a propeller 244 metres diameter : — 



Col. I 


2 


3 


• 


5 


6 


7 


Thru« in 
kg. 


H.P. 

Consumed. 


CalcuUled 


ThcOKLiol 

Thniuin 
kg. 


Eflkiency 
cSlI. aMd 6. 


3 

4 


IS 
358 
410 


30 

40 

g 


076 
1-91 
3-47 
5-40 
7-59 
979 


5?i 


55 -o 
74-3 
91 -o 


53-0 

54-4 
54 '5 

53 9 

54 3 
54'5 



This table proves that, allowing for small experimental 
errors, the efficiency of the propeller remains constant 
whatever the speed of revolution, the horse-power consumed, 
or the thrust developed. 

However, the thrust per horsepower diminishes as 
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the thrust increases, as will be seen from the following 
tables. 

As the thrust per horse-power is inversely proportional 
to the speed of the air the product of the two factors is 
constant. 



Col. 1 


■2 


Kxptrl- 


Thruslin ' 




kg-- 


' 


,o 


3 


30 


4 


40 


5 


50- 















4 


6 


G 


1 hiu« per 
H.P. mSg*. 


Spwl dT W.kc 
in M«r» 


haduct of 
Cols. 4 ud 5' 


13-67 


5-63 


77 


00 


10-48 


77b 


81 


5° 


8 -65 


9 "47 


Sz 




7 -42 




gl 


70 


6-6o 


12-25 


81 




6-'3- 


■3-40 


8J-JO 1 











It will be seen that the products .shown in the last 
column are approximately 82, and that ihis value is exactly 
S4'6 per cent, of the theoretical value of 150 originally 
taken as the constant. This value agrees very well with 
the experimental values for thrust efficiency. 

As the thrust per horse-power is inversely proportional 
to the speed of the wake, and the total thrust is proportional 
to the square of the speed of the wake, f/ie thrust per horse- 
power will be inversely proportional to the square root of the 
total thrust. 
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The Wright and Voisin Propellers Compared. — 
These two somewhat similar machines will afford a useful 
comparison as regards propeller efficiency, the Wright 
machine being fitted with two propellers 8 ft. 6 in. diameter 
and about 9 ft. 6 in. effective pitch, and geared down in 
this instance in the ratio of 10 to 33 from an engine 
shaft running at 1,200 to 1,400 revolutions per minute. 
The Voisin has a single propeller 7 ft. 6 in. diameter with 
an effective pitch of about 3-6 ft. and keyed direct to a 
motor shaft running at 1,100 revolutions per minute. 

The effective pitch in the Voisin machine is arrived at 
by dividing the distance travelled by the number of revolu- 
tions of the propeller in a given time, and in the Wright 
machine this result has to be multiplied by the gear ratio. 

The calculation for the Wright machine flying at 58 ft. 
per second becomes, at 1,200 revolutions per minute — 

-55iJi-96 fl.; 

thus the diameter is 088 times the effective pilch.* In the 
Voisin case the diameter becomes 2-1 times the effective pitch. 

Lanchester has found that the efficiencies appropriate 
to these pitch ratios are: Voisin 54 percent, Wright 68 per 
cent., the latter figure being reduced for chain transmission 
losses become 63 per cent 

The following table shows Lanchester's calculations : — 
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The values in column i represent the work given out of 
each engine per revolution, column 2 the feet the machine 
traverses per motor revolution. Column 4 is calculated 
from columns i, 2, and 3, whilst column 5 gives the weights 
which would absorb the whole thrust in horizontal flight at 
the flying speeds of the respective machines, viz., 40 miles 
per hour, or 58 ft. per second, for the Wright machine, and 
45 miles per hour, or 66 ft. per second, for the Voisin 
machine. It does not necessarily follow that these weights 
are actually limitations, as improved design and reduced 
resistance to flight enable this weight to be increased, but 
they apply to the particular machines under consideration. 

The mean pitch of the blades is, of course, greater than 
the effective pitch — in the Wright machine probably by 
about IS per cent., as measured from the blades, and in the 
Voisin machine probably 25 per cent, — so that the mean 
pitch of each propeller becomes 4,5 ft. for the Voisin and 
1 1 ft. for the Wright. 
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CHAPTER IX. 

MATERIALS OF CONSTRUCTION, 

The principal materials used in the construction of a flying 
machine are wood, of which the framework consists, fabric 
of silk or cotton fibre suitably proofed and stretched over the 
framework, and finally, steel guy wires and their fasteners. 

The former material is almost universally adopted in 
place of bamboo, which was at one time considered to be 
the ideal material. Some makers, however, prefer to use 
steel tubing for the framework, but wood has many 
advantages over steel. 

Primarily, wood is easy to work and to replace ; 
breakages may be many, especially in the initial stages of 
landing, and whereas a steel tube would probably buckle 
under such a shock, absolute fracture would generally 
result in a wooden spar. 

This is really a point in favour of wood, as it is unlikely 
that a steel tube could be straightened and repaired, and 
if this were done it would only be with some difficulty. 

On the other hand, a new wooden spar can easily be 
fitted and the structure made as strong as before. 

Wood offers an advantage on account of its comparative 
stiffness, and although somewhat more bulky than steel 
weight for weight, the amount of wood in an aeroplane 
framework is not disproportionate to the size of the 
machine. Wood spars are frequently made hollow: the 
advantage of such a form of construction was appreciated 
by Henson, who shows a hollow section of a spar in his 
specification in 1843 (Plate IV.). 
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Hollow wood Spars can be made of one-third the weight 
of a solid spar, strength for strength, as a strut, and their 
manufacture is specialised in by one or two firms, 
American spruce of straight grain is best suited for the 
purpose. The timber is cut lengthwise and the centre cored 
out, the two halves are then glued together under pressure. 

Esnault-Pelterie pins his faith to steel tubes, and the 
construction of the framework of his machine in this 
material is a beautiful piece of work. 

The tubes are welded together at their joints and 
triangulation is generously employed in the design. 

Such a structure is somewhat heavy, and with the small 
sustaining areas usually fitted to machines of this type only 
high speeds can be indulged in. It will be remembered 
what little success attended these machines at Rheims ; this 
was probably due to their being unable to reach a sufficiently 
high starting velocity on the rough and heavy ground. 

A speed in the neighbourhood of 40 to 45 miles per hour 
is required in order to produce sufficient sustentation at 
starting with a steel tube machine of the R.E.P. type. 

The use of wood extends to the main spars, ribs, and 
outriggers as well as to the chassis of an aeroplane, and 
each portion requires attachment to the other. Wood lends 
itself readily to this purpose and may easily be detached for 
transport. Thin wood panels are sometimes fixed to the 
body of the machine to reduce skin friction, and wood is 
generally the material from which propellers are made. 
In this latter case as many as six independent timbers are 
sometimes glued together and the blades shaped from the 
resulting block. Canvas is occasionally glued all over the 
tips of the blades to bind the whole t<^ether in the event 
of a fracture occurring. 

The chief requirements of the timber itself are that it 
should be light, stiff, and strong, straight in the grain and 
free from knots. In addition, certain portions of the frame- 
work require to be rigid and others flexible, and the correct 
timber must be selected for each respective part. 
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Messrs Short Brothers use nothing but spruce in their 
machines, this wood is lighter and stronger than ash, used 
by MM. Voisin Freres, but it is frequently blemished by 
knots, and it is somewhat difhcutt to obtain sound spars as 
long as 30 ft. Lengths of 12 ft are usually the maximum 
obtainable, and as the main spars of flying machines are of 
considerably greater length, the question of timber is an 
important one, and must have some influence upon the 
design of the machine. 

Silver spruce is very stiff for its weight as well as tough, 
and for aeroplane construction, particularly details of the 
planes, it is a very useful material. Ash, too, is mainly 
characterised by its flexibility and its " whip," it is there- 




Fii;. 54. — Melhod of Atlaching Struts to a Bamboo Spar. 



fore suited to parts requiring bending rather than for rigid 
supports ; it is, however, not so strong for its weight as 
spruce. We find it somewhat difficult to calculate exactly 
the stresses upon the timbers of a main plane, and trial and 
error methods have been adopted up to the present. The 
point is that failure is usually due to contact with the 
ground or some stationary object, and a tough fiexible 
timber usually suffers least under .such circumstances. 

Bamboo has been tried on several occasions : Mr Cody 
has used it. and the main frame of M. Santos Dumont's 
(No. 20) " Demoiselle" consists of three main spars of this 
material, yet in the future machines of the Demoiselle 
type bamboo is to be discarded in favour of steel. 
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The main planes on this machine are made upon 
bamboo ribs attached to main spars of ash, light bamboo 
corner stays are also fitted. 

A bamboo spar needs no shaping, and conversely it 
cannot be shaped as desired, it is also unreliable and is apt 
to spilt, necessitating binding wires between the nodes ; it 
is very difficult to construct suitable joints and fastenings 
between the various spars and struts, which facts neutralise 
any apparent advantages of bamboo as a material of con- 
struction. 

In addition to the main spars and struts, the ribs of the 



A. 



Fui. ss-— MethrxlorAtlachine Stiuis ami Guy Wires lo a Bamh.«i Spar. 

main planes are constructed of wood, usually ash. These ribs 
may first be bent under steam to the required shape, and 
strip.s of a section of § in, by § in. are readily shaped for this 
purpose. The exact or most probable curvatures for these 
ribs are discussed in Chapter II. 

Steel piano wires are largely used as tension members, 
and are of various sizes for withstanding stresses in 
different portions of the structure. Wires are invariably 
much stronger in tension than the original material from 
which they are made, the act of drawing the metal through 
the dies imparts this extra property to it. As an instance, 
a No. 26 steel wire, having a cross sectional area of 0002 
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sq. ill., breaks at about 800 lb. in tension, which works out 
at about 12$ tons per square inch. No. 28 gauge steel 
piano wire breaks at 520 lb. and weighs about 175 lb. 
per 100 yds. The lai^er wire weighs about 2*25 lb. per 
100 yds. 

The ends of such wires require careful fixing, as they 
will draw through the most elaborate eye rather than 
break, even though the loose end of the wire be turned 
round the taut end many times as in the twisted eye fixing 
{Fig. 61). Stretching screws must be firmly attached to 
the wires for the purpose of keeping them taut, as ex- 
plained later on, and great care must be taken in the 
method of attachment. 

In monoplane construction stranded wire cable is often 
used in place of single steel wires, and in the Bl^riot 
machine cables of this type are used to brace the wings to 
the superstructure above, and to control the warping beiow 
the surfaces. 

The principal load is carried by flat steel strips, two 
being attached to each wing, their lower ends are fixed to 
the front framework of the machine just above the running 
wheels (Fig, 68). 

The planes or decks of an aeroplane are usually double 
surfaced, the two surfaces having a diflerent curvature. 
This necessitates two rib strips separated by wooden 
distance pieces or webs for each composite rib. The ribs 
are fixed to the main spars some 9 in. from their leading 
edge and 12 in, from their trailing edge, the leading edge 
being given a bluff" entry, and the trailing edge being sharp 
and usually flexible. The spars pass between the two 
strips, forming one rib, and are thus totally enclosed 
between the two surfaces. 

In some machines, such as the Wright, the front main 
spar is carried at the leading edge of the main planes, 
thus enabling the front row of struts to be fixed between 
the leading edges of these planes. 

When this is the case, the planes themselves have a 
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bluff entry which conforms with stream-line requirements, 
and this arrangement will often be found in biplane 
practice. 

Single surfaced machines, as the Farman, have the spars 
above the surfaces covered in order to reduce skin friction. 
The front main spar is, therefore, contained in a pocket 
formed by returning the fabric from the underside over the 
top of this spar, it being sewn back some few inches behind 



Fig. 56.— Method or Transporting a Wright Glider from the Works to the 
Flying Ground. The Ariangement of ihe Struts is clearly shown. 

the leading edge. The other spars are enclosed by strips 
of fabric sewn over them in such a manner as to give an 
easy entry and trail, an air pocket of triangular cross 
section being left both in front of and behind each spar. 

The Esnault-Pelterie machine is almost entirely 
enclosed with fabric, and there are no exposed stay 
wires, such gear being contained between the upper and 
lower surfaces of the main planes. Several methods are 
adopted for securing the fabric to the underside of the ribs \y^ 
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the use of thin flexible strips of wood nailed on or of lai|[e 
headed nails alone may lead to rotting of the fabric owing 
to oxidation of the nails, unless copper nails are employed. 
Probably the most satisfactory fixing is by sewing long 
fabric slings to the lower surface on either side of the ribs, 
these slings of course passing across the ribs from One 
side to the other. 

Outriggers and tails are constructed of a wooden frame- 
work, and such a framework should be of ample strength, as 
in the act of alighting severe shocks and stresses are "apt 
to come upon these portions of the machine. There is no 
doubt that the safety of the aviator depends more upon the 
reliability of his outrigger than upon anything else, and 
failure of this will cause a precipitate descent The size 
and position of a tail is a very difficult thing to determine, 
and the size of its members can only be decided upon 
by experience. 

Fabric. — The main planes or decks, the rudders, and 
sometimes the frames of aeroplanes are covered or 
" surfaced " with a closely woven and proofed ' material 
which, in addition to being reasonably air-tight and of small 
skin resistance, must not stretch and must be strong. The 
whole of the sustentation provided by the air has to be 
transnlitted to the framework of the machine through the 
medium of this fabric. 

In addition to strength, toughness is an essential property, 
and a material which will not easily tear should be employed. 
Suitable fabrics for aeroplanes are not always those which 
give the best results for balloon work, as gas-tightness is 
not of great importance. 

There are several materials on the market, made of 
either silk or cotton thread and proofed with either rubber 
or celluloid, and these are made in several weights and 
strengths according to the particular design of machine and 
method of support. 

Great importance must be attached to the maintenance 
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of the true shape of the surfaces in actual working con- 
ditions, and this can only be achieved either by ample 
support afforded by the ribs, or by utilising a strong fabric 
stretched taut. The Continental Tyre and Rubber Com- 
pany were the first manufacturers of these fabrics upon a 
large scale, and their fabrics are made in rolls 42 in. wide. 

Their marks, 52 II. and 52 III., have been largely used 
in the construction of all the best known French machines, 
and have given the greatest satisfaction owing to their 
light weight and extraordinary durability. 

It must be borne in mind that fabric is liable to rot, 
particularly when in contact with steel, on account of the 
corrosion of that metal. MM, Farman, Bl^riot, and 
Delagrange use the qualities mentioned above, but those 
marked locw and 100^, although slightly more expensive, 
are preferable to the 56 It. and 56 III., as their durability 
is greater and their extensibility considerably less, and 
they are less affected by climatic conditions. 



Continental Fabrics of Aeroplanes. 
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The Scottish Aeroplane Fabric Company, as well as 
the Michelin Company, also manufacture fabrics for this 
purpose; the former term theirs Vulcanised Silk, and a 
tabic of their fabrics, which are made in widths of 36 in., is 
given on the next page. 
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Scottish Aeroplane Fabric Company's Vulcanised Silk. 



No. 


Wclshi in Ounco 


TcniileSmnsihin U..pcr InchWldih. 




Warp. 


Wefi. 


J' 

i,o6l 




38 
40 

io6 


z6 

28 1 





DuNLOF (British) 


ii'ABRIC. 




». 


Proofed. 


Width. 


•sra- 


w£r<hl In Of . 
p« Sq. Yd. 


43" 






P«In 


, d 




Lb. 




Single 


39 




4-zS 






Double 


39 




4'5 






Single 


16 


5 6 










11. 




4-5 


1,940 






44 


7 


37S 


».3SO 






44 




4-0 
























4VM 


i.aso 




Single 


41 












A' 




4-00 


a.iQO 



The following tables, prepared by Mr W. H, Thorpe, 
A.M.I.C.E., are of great atility, as they not only give the 
direct stresses capable of "being withstood by various 
materials but also what he terms the "proportionate 
resilience" and the resilience per pound weight of the 
material. 

A few explanatory notes are needed and are here given, 
with due acknowledgment to Mr Thorpe, and by permis- 
sion of the Aero, in which paper they originally appeared. 

The specimens are generally of square section except 
where otherwise stated. 

Bending. — Column 2 gives the modulus of transverse 
rupture or the resistance to cross breaking, bending stresses 
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consisting of tension on one side and compression on the 
other side of the centre of gravity of the section. 

Column 3 is the proportional stress where the elastic 
limit occurs to the ultimate breaking stress. 

Column 4 shows the modulus of elasticity of the 
material or the stress required to stretch a specimen to 
twice its original length, assuming it remained elastic the 
whole time, in the same manner as it behaves at stresses 
below the clastic limit. 

Column 6 is the span at which a specimen will be 
stressed up to its elastic limit due to its own weight. The 
section of the beam is given by Mr Thorpe as " of standard 
proportions," and we must assume this to mean square, as 
that section is generally the basis taken. 

Column 7 gives the proportionate resilience of the 
various materials and is the number of inch-pounds of work 
which may be stored up in a material without causing 
permanent set. Wheny=the safe stress allowed, this value 

fi 
for a rectangular beam loaded at the centre is -~^ where 

E is the modulus of elasticity. 

This column gives comparative values for the resilience 
of a specimen of unit length at whatever size the specimen 
may be to give a strength equal to that of ash. The value 
of 4.69 is an exact figure giving the number of inch-pwunds 
of work which may be taken up by I cub. in. of ash beam 
without injury. 

Column 8 gives the resilience per pound weight of the 
material. 

Column 9 the limiting circumferential whirling speed 
for rods of uniform section, and is' a tensile measure. 

Referring to the tension and compression tables the 
first few columns give the same properties as before. 

Column 6 shows the lengths of material which would 
of their own weight stress the material up to the clastic 
limit. 

Columns 7 and 8 give the same values as before. 
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Table I. — Bending. 
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Table II.~Tension. 
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Tablk III. — Compression. 
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CHAPTER X. 

DETAILS OF MANUFACTURE. 

No matter what class of machine one may consider, the 
question of the design of the details is all-important — in fact 
many machines entirely owe their success to the good design 
and perfect manufacture of their details, rather than to the 
genera] principles embodied in the apparatus as a whole. 

The machines which are dealt with in this book 
essentially depend upon details, as their general principles 
have been known for many years. Certain of the details, 
too, were described accurately by Henson in his specification 
of A.D. 1843, and others have been adapted from kindred 
appliances such as sailing yachts (if we may term them as 
such). In an aeroplane certain rigidity and form of surface 
must be maintained in order to produce maximum lifting 
effect with minimum skin resistance, followed as it is with 
the production of eddies. This latter means expenditure 
of energy and consequent waste of power. 

The head resistance of various types of machines varies 
.somewhat considerably, and this is in a great measure 
owing to the various angles of incidence employed. 

The necessity for increasing the angle of incidence in 
certain machines becomes apparent in order to increase the 
sustentation per unit of area when the Speed remains low. 
It was pointed out that in comparing two machines, 
a monoplane of certain surface area with a biplane of 
double the area of sustentation, .the weights of the two 
machines being the same, the speed of the monoplane 
would necessarily have to be greater than that of the 
biplane, in order that the machine should fly. 
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This, of course, is on the assumption that the angle of 
incidence of the planes is the same in each case. 

If we compare the Wright machine, which sustains only 
2'o lb. per sq. foot at a speed of 34 miles per hour, with 
Bl^riot XII., which machine sustains 5-2 lb. per sq. foot at 
only 38 miles per hour, when the engine in the former case 
is of 30 H.P., and in the latter 35 H.I',, we cannot fail to be 
somewhat puzzled.* (See page 178.) 

This enigma is further complicated when we note that 
the two machines are so very different both in construction 
and angle of incidence, and yet we find that the coefficient 
of traction is practically the same, viz., 176 per cent, in the 
former and 183 per cent, in the latter machine. 

In arriving at these figures the Wright machine is 
reckoned as carrying one passenger and the Bl^riot two, 
that is with the engine running at its maximum output. 

The head resistance of the machine as a whole must be 
reduced as far as possible, and here again it is the details 
which count. Farman expended a great deal of time with 
his original Voisin machines in perfecting details, and this 
work was eventually rewarded by successful flight. The 
strength of an aeroplane as a mechanical structure depends 
on the details of fixing the main spars, ribs and struts, and 
to the methods employed for retaining the guys taut. 
When a number of different parts consisting of different 
materials, and even of the same materials of varying shape 
and section, are employed, each part must do its proper 
share of the work. 

In other words, the stresses throughout the structure 
must be capable of adjustment to suit each individual 
member. A composite structure such as we have in an 
aeroplane depends upon the efficiency of each member of 
which it is composed for its stability as a whole. The 
failure of any member in tension or compression will throw 

* The different angle of incidence in these two machines accounts 
for the widel/ different sustentation (see Table in the Appendix), but 
one machine in this case is uDdoubtedly more efficient than the other. 
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undue stresses upon all the other component parts and may 
result in immediate failure. 

When the framework of a biplane is considered, the 
principal structure is the box girder formation of the main 
planes and struts. This girder is subjected to loading in 
several directions: there is the loading as a beam with the 
weight concentrated in the centre and an evenly distributed 
support, or considered conversely a central support and an 
evenly distributed load, as it is immaterial which we con- 
sider, the top or bottom of the structure. 

This occurs when the machine is supported in the air, 
and in addition there is an evenly distributed bending 
moment in a direction at right angles to this, owing to the 
thrust of the propeller considered as a force acting at the 
centre. This force is resisted by an evenly distributed 
pressure along the whole length of the machine i^ue to 
head resistance or drift plus skin resistance. Then we 
have a reversal of stress when the machine is at rest upon 
the ground where the centre of support is at the centre of 
the machine, and there is a small evenly distributed load 
acting in exactly the opposite direction to the lift in flight. 
This small load is due to the weight of the structure itself. 

The stresses are thus somewhat complicated and are 
reversed in some portions of the structure. 

If w;e wish to avoid reversals of stress in engineering 
practice we can put initial stresses on the structure slightly 
in excess of any reversed stress which might occur. This 
is done in the case of the tangential spokes of a bicycle 
wheel. Here we put an initial tension on the spokes 
greater in magnitude than the compression which would 
otherwise come upon them when they are at the position 
between the wheel hub and the ground. 

In the biplane we fit guy wires coupled up in series 
with stretching screws, so that any desired tension may be 
put upon them. 

Whether a great tension is employed or not is a 
matter of individual practice, but the structure can be so 
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arranged that these steel guy wires can take all 
the tension, and the struts consequently take all 
the compression stresses. Examples of some of 
these stretching screws frequently employed are 
|{{| shown in Figs. 57, 58, and 59. The ends of the 

struts may be fixed in aluminium sockets as 
shown in Fig. 60. These sockets retain the ends 
of the struts in their correct positions upon the 
main spars of the machine and in addition often 
form terminals for attachment of the steel guy 
wires as shown in Fig. 61. In the Wright ma- 
chine, owing to the flexibility of the rear of the 
main planes, the struts are fixed by hooks and 
sireicher. eyelets 50 that a slight 
universal motion is per- 
mitted ; the eyelets also form at- 
tachment points for the guys. 

The details of spar fittachment 
' in the Bltl-riot mono- 
planes is most interest- 
ing. When one strut 
meets a main spar it 
butts against it, and a 

long bolt of small diameter bent to U section is 
inserted through a hole near the end of the abut- 
ting spar. The ends of the U bolt are passed 
through two holes in the long main spar and 
nuts are screwed on to the ends, thus drawing 
the two spars together. When a second strut 
abuts at right angles to the first one, another 
U bolt is fitted in the same manner, the ends 
of the two are so arranged that they do not 
foul one another. The tension of the guy wires, 
which are looped round the U stretchers, actually 
^"iv^^' retains the struts and spars in contact as the 
Sireichiiijj bolts themselves are free to move in tenoned 

Screw. Slots. 
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Perhaps the average reader has not considered the 
stresses which come into play in a monoplane of the 
Bleriot XI. type when in flight. Suppose the wings were 
unstayed by guys, they would then act as cantilevers, and 
would be subjected to the greatest bending moment where 
they are attached to 
the fusilage. No ap- I 

preciable bending, 
however, occurs here 
in practice, and no 
provision is made for 
resisting such stresses, 
practically the whole 
of the lift of the wings 
being transmitted to 
the fusilage by two 
flat steel tension 
bands fixed between 
the front main spar 
of either wing and 
the lower part of the 
chassis, these bands 
being 15 mm. broad 
by I'S mm. thick, as 
shown in the figures 
of the machines. The 
lift from the rear main 
spar is transmitted by 
the gauchissement 
flexible cables to the 
lower steel A frame 
attached to the chassis below the aviator's seat. 

In addition, however, to the lifting stresses we have a 
certain proportion of direct lift and direct drift producing 
a shearing stress in the end of the front main spars where 
they fit into their sockets, and the two rear main spars tend 
to close in towards one another due to the drift produced 
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by the incidence of the main planes and their head resistance. 
Such ten<lencieB are resisted by placing a strut between the 
rear main spar of either wing, otherwise the fusilage would 
collapse owing to the lateral pressure of the wings upon it. 

The lateral pressure alluded to is increased on account 
of the obliquity of the guy wires and strips. 

The system of triangulation adopted in modern aero- 
planes is that originally described by Henson, and a light 
and stiff structural formation results. From the end of 
each vertical strut in a biplane three wires are taken, one 
to the diagonally opposite end of each strut alongside it, 




Fig. 6i.— Method of Aitaching a Strut k 

Securing the Enihi of the Guy Win 

and one to the diagonally opposite end of the strut at the 
rear or in front of it as the case may be. 

Where these struts are at the rear of a warping 
element in a biplane the diagonals are not firmly secured 
but are the wires which operate the warping movement. 

Instead of them being fixed firmly to an eye a piece 
of chain is interposed in the length of the wire adjacent 
to the strut and this chain runs round a pulley or through 
a tube attached to the framework, but as the wire is 
practically continuous from end to end of the machine, 
the length of reduction on one side of the centre is equally 
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a length of extension 
on the other side of 
the centre, thus no 
slackness occurs when 
the warping takes 
place. Wires are 
liable to stretch from 
time to time, so that 
the stretching screws 
require occasional 
tightening up to pre- 
vent any slackness. 
The section and shape 
of the spars varies 
according to the work 
to be done, 

A member in 
compression should 
have a lai^er section 
at the middle of its 
length than at its 
ends, and in order 
to reduce weight 
these members are 
occasionally made 
hollow in the manner 
described in the pre- 
vious chapter. A 
hollow section is very 
efficient in compres- 
sion, as a compression 
stress invariably pro- 
duces bending in a 
long member. Bend- 
ing is most efficiently 
resisted by material 
away from the centre 
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of the section when that material is distributed in the 
proper direction. 

Sections of spars and struts are shown in Fig. 62, 
These may be either of wood or of metal tubes. 

There are other structures under stress, such as the 

outriggers. The magnitude of the stresses here are difficult 

to compute, as they are 

usually produced by 

landing shocks. 

Conformity of the 
surfacing material to 
the correct curve is of 
great importance, and 
to obtain this, the 
material is initially 
stretched tight, occa- 
sionally by lacing, but 
where ordinary pins are 
used, no provision is 
made for tightening up 
the material. The only 
alternative is to employ 
a surfacing material 
which will not stretch 
appreciably under vary- 
ing climatic conditions, 
and to use a sufficient 
number of ribs. 

Details of landing 
and running gear have 
been described in connection with some of the leading 
machines ; a favourite method of spring support is similar 
to that employed for the recoil mechanism of guns. Such 
an arrangement is adopted by M. EsnauJt-Felterie amongst 
others in his monoplane. Pneumatic suspension, however, 
is rapidly coming to the front for this work, and probably 
will be adopted on account of its lightness and great 




—The Rear Wheel Suspensbi 
Type Bl^riot XI. 
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possible range of action. Spring suspensions are fitted 
below the tail of some machines in addition to those under 
the main planes, and the device of M. Bl(5riot is shown ini 
Fig. 63. 

This arrangement is at the rear of his machine, and 
somewhat resembles his main indiarubber suspension with 
the exception that coil springs replace that material. 

The question of an efficient suspension is one of great 
importance owing to the rough nature of the ground Usually 
available for starting purposes. The shocks due to irregular- 
ities of the ground surface should on no account be trans- 
mitted to. such a delicate structure as that which usually 
composes the framework of an aeroplane, 

A large working range of the wheels in a vertical 
direction is therefore essential. The wheels should be 
capable of movement in any direction, as in the act of 
landing the machine is liable to be carried in a lateral 
direction by a gust of wind, no risk of putting a side 
strain on the wheels should be therefore taken. 

Another important detail is the control gear, and this 
should be sufficiently keen and effective, not only for fancy 
flying, but to enable the aviator to recover his stability 
rapidly or to evade an object which he may encounter 
unawares. 
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SUCCESSFUL MONOPLANES 

The Antoinette — Esnault-Pelterie — Bi.tRioT XI. 
— Santos Dumont's "Demoiselle." 

Having considered the individual features which in com- 
bination may produce a successful flying machine, we will 
consider in detail a few of the better known machines. 
A niimbci of plates are given at the end of this book, 
being reproductions of scale drawings made by one of the 
author's draughtsmen. 

/he author is indebted to the proprietors of Flight 
for their permission to utilise certain of their drawings and 
dimensions as a basis upon which to work. 

Antoinette IV. (Fig. 64) is chiefly notable as being the 
machine upon which M. Latham made his first attempt 
at cross-Channel flight and with which he made several 
record flights previous to that attempt. Antoinette IV. 
was by far the largest monoplane in existence at the time, 
as will be seen by inspection of Plate VI. at the end of 
this book, which represents Antoinette VII., a somewhat 
similar machine. The main sustaining plane consists of a 
pair of wings of trapezoidal form built up on lattice girders 
of the usual aerofoil shape, and one notices how the general 
principle resembles that of Henson's machine shown in 
Plates I. to IV. 

The main wings are double surfaced, and the sustain- 
ing area of each wing is 25 sq. metres, being 50 sq. metres 
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in all, and weighing i kg, per square metre without the 
fabric, the angle of incidence is 4°. The wings are stayed 
by aluminium stays and fixed to the main framework of 
the machine at their larger end. In construction of this 
kind based upon the triangle and pyramid the materials 
do not flex appreciably when in tension or compression. 
The body of the machine is boat shaped and covered 



Fig. 64.— Amoinetie IV, 
with a varnished fabric to reduce skin friction to a 



The tail carries horizontal planes as well as vertical 
ones, and a vertical fin along the top, and in addition there 
is a dipping rudder or elevator made in two pieces, one on 
each side of the rear vertical plane. In the later models 
this is made in one piece. The direction rudder is also 
carried upon the tail and is a vertical plane placed over the 
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two dipping planes. At the rear extremities of the two 
main planes small movable fins or ailerons are fitted in 
order to obtain lateral stability and to assist in turning. 
These are controlled by one mechanism which lowers one 
when raising the other. Such an arrangement oi ailerons 
produces a more pronounced effect than warping the planes 
as in the Esnault-Pelterie. The action of these is ex- 
plained in Chapter XV. on "The Art of Flying." 

In the construction of Antoinette V. and the later 
models these ailerons have been dispensed with and the 
warping system adopted, as will be .seen in Plate VI. at the 
end. 

The control of the machine is by means of a lever on 
the right which operates the dipping planes, whilst two 
other levers at the left hand of the aviator control the 
ailerons at the ends of the main wings and the steering 
rudder. These two latter levers can be either operated 
separately or together with one hand. 

The machine when on the ground is supported by a 
centre wheel and a pair of runners in the front. As the 
speed of the machine increases along the ground, the 
pressure upon these decreases until the machine finally 
rises. The motor is a 50 H.P. Antoinette having eight 
cylinders, and described in detail on page 38, The motor 
is carried in front of the machine and is very easily 
removable, and is direct connected to a two-bladed tractor 
propeller. 

Propeller. — The Antoinette propeller is of a special 
construction composed of two nickel steel arms forged with 
clips of the same metal which embrace the shaft. 

Aluminium blades are fixed to these arms by a number 
of copper rivets. 

Any number of blades may be used but two only are 
usually fitted. The pitch of the blades can be varied to suit 
the angle of incidence of the main planes ; if this angle is 
smaller and the flying speed consequently higher, the pitch 
should be greater, and vice versa. The propeller is clipped 
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direct to the motor shaft without intermediate gearing or 
dutch. The pitch of the propeller fitted to Antoinette IV. 
is I m. 30 cm., and its diameter 2 m. 20 cm. and its normal 
rate of revolution is i.ioo per minute. 

The cooling system adopted in the Antoinette machine 
is as original as it is interesting. The object of the 
designer being to reduce weight to a minimum, only a 
small quantity of 12 litres of water is carried. The water 
gravitates to the cylinder jackets where it is converted into 
steam, thus carrying with it latent heat of evaporation, in 
addition to the sensible heat causing its rise of temperature 
to boiling point The steam is then condensed in a large 
radio-condenser in the form of two nests of tubes one 
on either side of the body of the machine. These nests 
of tubes form a thin panel on either side, being extensions 
of the cedar wood panels forming the bows. The total 
weight of the tubes is only 12 kg., and they afforded a 
total cooling surface of i2 sq. metres. Their duty is to 
condense I litre of water per minute which is evaporated 
in the engine jackets. 

The overall dimensions of Antoinette IV. are : length 
1 1 m. 50 cm., span 1 2 m. So cm., and weight 250 kg. 

Antoinette V. is a somewhat similar machine but is 
not fitted with ailerons; it has a propeller 2.7 metres in 
diameter. 

Antoinette VII. (Fig. 65 and Plate VI.) is the machine 
on which Latham made his second cross-Channel attempt, 
and is similar to the one shown in Plate VI. at the end. The 
Antoinette aeroplane is conspicuous on account of the 
dihedral angle at which the wings are set, and the thickness 
of the wings from upper to lower surface. . Between the top 
and bottom rib member a lattice work of wood is fitted in 
order to increase the strength of the construction. Each 
wing is pointed at its entrant as well as at its trailing edge. 

The great span of these wings, 46 ft., necessitates the 
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use of guy wires attached to the upper and lower ends of 
vertical hollow posts, two being fitted in the centre of each 
wing. These wires are also attached to the top of a mast 
standing up in the centre of the chassis at the front, those 
wires fixed to the front of the wings being rigidly fastened 
whilst the rear guy wire runs over a pulley. A lai^e 
amount of timber bracing is inserted between the surfaces 




Fig. 65.— Anil 



of the wings, the ribs being placed 18 in. apart, and 
supplemented by simple ribs of an open form to support 
the fabric, their spacing varies from 2 in. to 4 in. The 
body of the No. VII. is of boat-shaped form covered with 
cedar panelling in front and fabric at the rear, and two 
small wheels attached to an axle form the necessary 
support upon the ground. The medium absorbing the 
landing shocks is an air compression cylinder consisting 
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of two concentric tubes, one of which is an extension of 
the centre vertical mast. 

One of these tubes forms the body of the pump and 
the other the plunger, the weight of the machine com- 
presses the air in the arrangement an amount according 
to the magnitude of the shock, A riding sleeve shdes 
on the guide tube, and has attached to it wooden struts 
which locate the axle by means of steel forks fixed to 
the ends of these struts. An ash skid is fitted at either 
end of the machine — that at the front is to prevent the 
propeller from fouling the ground when landing. 

The tail planes are designed to obviate the elevator 
from interfering with the rudder, and with this end in view 
the rudder planes, two in number, are made triangular. 
Forward of the upper rudder plane a long triangular fin 
extends to the vicinity of the aviator's seat. 

The control gear is somewhat different in this machine 
to that in No. IV., as it is operated by two hand wheels 
and a foot pedal. These wheels are rotatable about a 
horizontal axis, and are placed one on each side of the 
aviator. The right-hand wheel operates the elevator whilst 
the left-hand wheel warps the wings. 

The foot pedal actuates the vertical rudders, pressing 
the right foot steers the machine to the right, and vice versa. 

Provision is made for engine control by two supple- 
mentary hand wheels. 

The warping control is effected by means of wires, one 
from each wing being attached to a central chain passing 
round a chain wheel fixed to the stationary tube member 
of the shock absorber below the chassis, which has fixed 
to it a double ended lever. The control wires from the 
operating hand wheel drum are fixed one to either end 
of this lever. 

The main dimensions of Antoinette VII. are: span 
46 ft. chord ID ft. at the centre, and 6 ft. 8 in. at the 
tips, overall length 40 ft. Total area of main planes 365 
sq. ft, ; weight of machine without aviator 1,040 lb. 
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Esnault-Pelterie, No, 2 (Wj) (Fig. 66).— The designer 
and maker of this machine and its engine has adopted 
sound engineering practice in many of its important prin- 
ciples. Although he has been for many years engaged in 
the problem of flight, the success which he deserves can 
scarcely be said to have been awarded to him. 

The R.E.P. (Plate VII.) is essentially a high .speed 
machine, and although its construction, as far as the chassis 
is concerned, is very rigid, its main planes are extremely 
flexible. The chassis, as has already been stated, is of 
steel tubular construction, and is supported on the ground 



Fii;. 66.— Esnaull-Pelteiie Monoplane, Type K.E.P. 2. 

by one principal wheel fixed at the end of a strong recoil 
mechanism. 

This consists of an oleo-pneumatic brake capable of 
absorbing 2,520 ft.-lb. of work, though its weight is under 
13 lb. The action of a system such as this is proportional 
to the square of the speed of the fall, and is very rapid in 
working. 

In addition to the centre wheel in front a small wheel 
is fitted beneath the tail, also one small wheel under each 
wing tip. When at rest upon the ground three wheels touch, 
that is the two centre ones, which are in alignment, and 
one wing wheel fitted in a different plane. This necessitates 
canting over the flyer on one side or the other until balance 
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is secured when running along the ground. The two wings 
forming the supporting surfaces are very thiclc from upper 
to lower surface, and contain between the two layers of 
fabric wooden ribs fixed to composite main spars consisting 
of wood, aluminium, and steel. At the inner end these spars 
are attached to the chassis, but one-quarter of the total 
lifting effect is transmitted from each wing tip by means 
of a shroud. 

The two shrouds are fixed at their inner end to the 
lower end of a vertical controlling rod passing through the 
chassi.s in both directions, to the lower end of which are 
fixed the elevating and warping shrouds. The wings have 
a total surface of 155 sq. ft., and the weight of the machine 
which they support is 934 !b. It will be seen that a lift of 
5'93 lb. per square foot must be produced, and this should 
be accomplished at a speed of 37-2 miles per hour. The sup- 
plementary surfaces consist of a dipping rudder or elevator 
placed at the rear of the tail, and a vertical direction rudder 
beneath, it' Two-large vertical fins are carried, one above 
and the other below'thejchassis, and the- whole machine- is 
encased with fabric. The engine is placed in front and 
directly connected to a four-bladed metal propeller of 
6 ft. 6 in, diameter. 

The control is by two vertical levers one at either hand of 
the aviator ; that on the right controls the steering rudder, 
and is moved in the direction the aeroplane is desired to 
take. The left-hand lever has an universal motion, and is 
a continuation of the control pillar before referred to. 

Forward and backward motion of the lever operate the 
elevator, and transverse motion warps the wings ; the whole 
motion is arranged to afford a subconscious system of 
control. The aviator grasps the left-hand lever, and his 
body automatically sways in the direction he wishes the 
machine to take. 

A foot operated throttle is provided for controlling 
the engine speed, and a second pedal enables the engine 
to be started from the aviator's seat. 
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Vu„ 68. — Engine Mounting anJ From Chasjiis, lilt'tiot XI. Monoplan 
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Bl^riot Short Span Monoplane, No. XI. (Figs. 6; 
and 6S, and Plate VIII.). — The special feature of this 
most successful and historical machine is that, with the 
exception of Santos Dnmont's " Demoiselle," it is the 
smallest successful flying machine made up to the end 
of the year 1909. This machine after flying the Channel 
has now found a resting place in the Musde des Arts et 
Metiers, Paris. 

Great perseverance on the part of M. Bl(iriot resulted 
in his producing the first really practical monoplane. 
This machine has been considerably modified from time 
to time, chiefly with regard to the shape of its tail, and in 
the later machines this portion differs considerably from 
the earlier types. The machine itself is built upon a main 
lattice framework made of ash and spruce of box girder form, 
the members being strutted with ash and stayed witii piano 
wires and co\'ered with fabric. The method of fixing the 
struts to the longitudinal spars is noteworthy, and is 
carried out by means of U-shaped bolts, the centre passing 
through a slot near the end of the strut and the legs 
through two holes in the spar. The front section of the 
chassis is square, the rear portion tapering away in the 
form of a boat. The piano-wire guys are each separate, and 
some are provided with a stretching screw (see page 130). 

Main Planes. — These planes are built up about two 
main spars, the inward ends of the leading pair fit into 
the two ends of a cross steel bracing tube, 42 mm. internal 
diameter, this tube is attached to the main frame. The 
wings or planes are very readily removable, as the front 
main .spars project inwardly some 2 in. and are a sliding 
fit into the sockets. The rear main spars, which are of 
rectangular section, project inwardly a few inches only and 
are bolted to two vertical struts by a single bolt each, one 
on either side of the main frame. The tail is carried by the 
lower principal longitudinal members of the main frame, 
and is fastened to the same with aluminium clips of channel 
section. These clips partially embrace the rectangular 
ash beams, and necessitate, therefore, only light bolts to 
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complete the attachment. The bracket extensions of these 
clips carry the main transverse bar of the tail which is a 
steel tube, and so arranged that the tube works as the 
fulcrum of a hinge about which the tail pivots. The trail- 
ing edge of the tail consists of a metal strip held by a 
number of distance tubes, the surface is swept forward as a 
fin on either side of the fusilage. 

In the 1909 Blt^riot model the tail is divided into three 
sections, the centre portion or stabiliser is about half the 
total span, and its angle of incidence can be set before the 
machine leaves the ground. 

For this purpose a drilled metal quadrant is attached 
to the trailing edge of the stabiliser, its upward end is 
located by means of a small bolt passing through this 
quadrant and through a small lug attached to the rear of 
the chassis of the machine. At either end of the stabiliser 
a small elevating plane is located, these two work in con- 
junction, and are operated by wires attached to vertical 
levers on the elevator fulcrum. 

The main spars upon which the wings are built arc of 
solid rectangular section of ash 3 in. deep by f in, wide. 
At intervals of 13 in. apart these two spars are joined by 
curved ribs, some of which are only J in, thick, whilst 
others are made of strips of aluminium reinforced in front 
by a strip of wood. The main rib at the inner extremity 
of each wing is of wood of a built-up channel section. A 
curved strip of aluminium is also fixed along the leading 
edge of each wing below the surfacing fabric. 

The wings are double surfaced with Continental fabric, 
and at the maximum thickness are 3J in. deep, the front 
edge is about ij in. thick, but the trailing edge, however, is 
quite sharp. The maximum amount of camber on the 
under or pressure surface is at one-third of the distance 
from the leading edge; this amounts to 85 mms. in the 
ordinary type and 65 mms. in the high-speed type of wings. 
Each wing is set at a dihedral angle of 5" to the horizontal, 
the angle of incidence is 7j° in the ordinary type and 6" in 
the high-speed machines flying at 90 kilometres an hour. 
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The extremities ot the wings are rounded off" as shown In 
Fig. 67. The lifting effect of the planes is transmitted to 
the chassis by four flat steel strips 15 mms. broad by 1-5 
mms. thick, two being attached to each front main spar, 
in positions shown in Fig. 69, The lower ends of these 
strips are fixed to the lower part of the front of the chassis. 

The rear main spars are interconnected by two flexible 
cables, which form the gauchisscment control, the outer cable 
actually operating the control whilst the inner one runs 
round a pulley wheel freely. The total span of the wings is 
28 ft., the chord is 6 ft. 6in., and the aspect ratio is only 4-65, 

The area of support of the main planes is 150 sq, ft, 
and of the tail 33 sq. ft. The weight of the machine with 
aviator is from 600 to 700 lb., according to the engine used. 

The supplementary surfaces consist of a monoplane 
tail with pivoted extremities and a rudder. The total span 
of the'tail is H ft, 9 in. and it is 2 ft. 10 in. wide in, a 
fore and aft direction, being about a third the span of the 
main wings and having an area about one-quarter as great 
The pivoted tips are nearly square, and at the rear of them 
is situated the vertical rudder with an area of 4-5 sq. ft 

The construction of the tail is carried out in the same 
general manner as that of the main wings, except that the 
transverse spar is a steel tube. Only the central portion 
of the tail, as previously explained, can be permanently 
adjusted tjefore flight, the tips being operated at will 
during flight 

Chassis. — The fore part of the machine is supported 
upon a pair of large bicycle wheels mounted upon tele- 
scopic castors. These consist of a pair of steel tubes braced 
together by two wooden beams, upon one of which the 
front end of the machine rests, the upper beam being 
merely a strut between the two steel tubular columns. 
The wheel hubs are stayed independently to loose collars, 
which ride up and down upon these steel columns, and 
are anchored to the lower ends of the same by means of 
very strong elastic bands which form the suspension at 
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the front end of the machine (see Fig. 68). Springs are 
fitted inside the columns which return the wheels to their 
normal position by means of wire attachments after they 
have been deflected to one side or the other when running 
along the ground. The rear part of the machine rests upon 
a single wheel just in front of the tail, as shown in Fig. 63, 
Control. — The aviator sits on the main frame near the 
centre of gravity of the machine, which is situated slightly 
forward of the trailing edge of the main planes, the engine 



Fig. 69.— Bleriul Type XI. Monoplane, " Lillle Boy." 

being placed in front of him, and in front of the leading 
edge. The aviator rests his back upon a leather strap or 
seat, and his feet are placed upon a pivoted crossbar by 
means of which the rudder is operated. 

A vertical lever terminating in a small hand wheel in 
front of the pilot's seat operates \!at. gauchissemetit or warp- 
ing of the planes, and this lever also controls the pivoted 
elevators by means of wires. This lever has a curious cup- 
shaped fitting or bell upon its lower end, to which the four 
controlling wires are attached, and it is operated by the 
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left hand, leaving the right hand free to control the ignition 
levers of the engine, and also as occasion requires to 
increase the air pressure upon the lubricating tank by 
means of a hand pump, 

Ihc gauchissement is obtained by lateral displacement 
of the control lever, whilst the elevators are operated by a 
longitudinal movement, thus causing the angle of incidence 
of the machine to the horizontal to be altered. 

The motor fitted to this machine is a three-cylinder 



Fio. 70, — Mr C. Gr«hanie-While's Monoplane, Type Lleriol XII. 

100 mm. by 150 mm. stroke air-cooled Anzani radial type 
described in Chapter V. ; an K.N.V. or a Darracq engine is 
now fitted to many machines of this type. A few high- 
speed type XI. machines have been fitted with 50 H.P. 
Gnome engines, and Darracq engines are now seldom fitted 
by Bl^riot. The propeller is a composite wooden one by 
Chauviere, and is 6 ft. 8 in. in diameter, with two blades. 

Bleriot IX. differed slightly from this machine, having 
a span of 9 metres and an area of 26 sq. metres, and its 
lateral stability was obtained by ailerons situated at the 
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extremities of the main planes, movable about their trans- 
verse axes. Such ailerons can be moved in a contrary 
direction by means of the controlling lever in order to 
displace the machine laterally, as when turning, or in 
levelling it again after a turn has been made, and this 
worked in conjunction with the vertical rudder. The con- 
trolling lever fitted to the Bl^riot machines is the subject 
of a patent of M. Bl^riot's. 

Santos Dumont's "Demoiselle" (I'late IX.).— This 
machine, otherwise known as Santos XX., is the smallest 
practical machine to have attained flight, and on 16th Sep- 
tember 1909 its constructor made a remarkable cross- 
country flight from St Cyr to Buc, a distance of about 
17 km., which he covered in fifteen minutes, and then 
returned. He rose from the ground in the remarkably 
short time of six and one-fifth seconds. It is a notable 
fact, however, that nobody except the inventor had at 
the time of writing succeeded in flying this aeroplane. 

The Chassis is constructed of three main bamboos about 
2 in. diameter, two at the bottom and one at the top, 
braced together into a triangular cross sectional frame by 
steel struts of oval section. This frame is 16 ft. 5 in. long 
to the front, and carries the main planes on the higher, 
level, and the two small wheels below. The main chassis 
is divided at the rear of the main planes ; the bamboos here 
fit into brass sockets, so that the machine can readily be 
taken apart for transport. It will be noticed that the 
lower members of the chassis are quite close to the 
ground, and that the aviator's seat, which consists simply 
of a piece of canvas stretched between the two lower 
bamboos, is beneath the main planes and the engine, and 
level with the axle of the supporting wheels. 

Such an engine position above the aviator's head in- 
volves risk of grave danger as landing shocks are apt to 
dislodge the engine itself from the cha.ssis, and in falling 
this would strike the aviator. 
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Main Planes. — The principal spars upon which these 
are supported are of asli but not of an even section 
throughout their length. They are 2 in. wide by I in. 
deep where they are connected to the chassis and tapered 
towards their extremities to a bare inch in depth and 2 in, 
in width. These spars are set at a dihedral angle to one 
another, the front spar being 9 in, behind the leading edge of 
the plane and the rear one 1 2 in. forward of the trailing edge. 

The body of the planes is built up with bamboo ribs 
fixed beneath the two main spars, the surface is double 
and made of silk fabric. 

•The .shape of the planes is such that the angle of 
greatest incidence is towards the centre of the machine, 
the angle diminishing towards the tips ; the maximum 
camber of 4 in, i.s more towards the centre of the plane 
than is usual. The span of the main planes is 18 ft., the 
chord 6 ft. 5 in., the total area of main plane being 1 1 5 
.sq. ft. The as[>ect ratio of 276 is abnormally small. 

The leading and trailing edges of the main planes are 
quite sharp owing to the use of wires attached to the ends 
of the ribs. All the controlling wires are below the main 
planes, and the radiator tubes, some hundred in number, 
are fixed immediately below the planes towards the centre 
of the machine and these tubes run the full length of the 
chord. All the wire diagonals are between the surfaces. 
and a line of sewing is run between each of the neighbour- 
ing ribs. Tubular rods connect the front main spars to 
the chassis near their centre and form their chief support. 

Titil. — The tail moves as a whole and is pivoted on an 
universal joint at the rear of the chassis. A vertical 
member fitted 3 ft. from the rear of the chassis carries the 
wires which operate the elevator portion of the tail, the 
lower end of this vertical member is set round at right 
angles to form a small rear runner. 

The arrangement of the tail in one piece obviates the 
necessity for using divided planes as in some other 
machines to allow of independent movement. 
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Both the tail surfaces are flat, there being no camber in 
the elevators, and they are stretched upon bamboo ribs. 
These surfaces are of a peculiar shape as shown in the 
accompanying drawing. 

Engine and Propeller.— Th^ engine is of the twin 
cylinder opposed type by the Darracq Company, and 
described in Chapter VI. MM. Duthiel and Chalmers, 
who have for some years past supplied engines to M. 
Santos Dumont, are now making both the engine and 
the aeroplane commercially. No flywheel is fitted to the 
engine, the propeller being keyed directly to the crank- 
shaft. 

The engine is supported upon the upper bamboo of 
the chassis and upon the front transverse spars of the main 
planes. 

The propeller has two blades and is 6 ft. 6 in. diameter, 
and revolves in front of the aviator's line of sight. The 
centre of the propeller is 4 ft. 2 in. from the ground level. 

Control. — The elevating lever is fixed at the right-hand 
side of the aviator. This operates the tail by means of a 
tension wire fixed to the top of the tail ; the lower edge is 
connected by a wire and spring to the hand lever, the 
spring keeping the wire always taut and allowing the plane 
to be affected by gusts to some extent. 

Lateral motion of the rudder is governed by a hand 
wheel at the left of the aviator, wires being attached to 
the lateral extremities of the tail for this purpose. The 
gauchissemenl is controlled by a lever pressed against the 
aviator's back, which enables him to warp the wings by 
subconscious motion, leaning to one side causes the wing 
on the other side to flex downward, and thus increases the 
lift of that wing. It will be noticed that the gauchissement 
and rudder control are independent in this machine, and 
the wires actuating the former run from the lever diagonally 
upward to the trailing extremities of the main planes. 

The total weight of the machine without the aviator is 
242 lb., of which the engine weighs no lb. 
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THE WRIGHT AND VOISIN MACHINES 
COMPARED. 

Too much credit cannot be given to the Wright brothers 
for their untiring work and original investigations into the 
problem of flight. They were stimulated by the gliding 
experiments of Lilienthal, Filcher, Chanute, and Herring, 
the latter two being associated with the Wrights in their 
work at one time. The investigations of Maxim and 
Langley also provided data upon which to work, but these 
data all required verification. The length and detail of all 
these earlier experiments will not be dealt with here, nor 
will mention tie made as to the evolution of the present 
type of machine. Whether the Wright type of machine is 
in a final and satisfactory form or not, is still a matter of 
doubt to many minds, but the fact remains that it can and 
does fly in spite of its supposed instability. Stability is 
not everything, as instance the bicycle and the tricycle — the 
former is an unstable machine, but who would not prefer 
riding the former to the latter ? 

A comparison of the Wright and Voisin machines will 
be a convenient and instructive method of obtaining a 
clearer view upon two apparently somewhat similar types. 
Messrs Voisin have constructed a large number of machines 
of the rigid type, confining their early attentions to the 
box kite form, with side curtains. 

Latterly these curtains have been dispensed with, and 
the machine which Farman has redesigned has a some- 
what similar appearance to the Wright machine with the 
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exception that it has a tail and ailerons attached to the 
trailing edges of the main planes. Mr F. W. Lanchester 
read an interesting paper upon these two machines before 
the Aeronautical Society at the end of the year 1908, and 
we cannot do better than consider some of the points he 
raises. 

The later Wright machine (Fig 71) weighs complete 
with an aviator of average weight i,ioo lb., and has a 
total supporting surface of about 650 sq. ft Its span is 
41 ft., and the chord 6 ft. 6 in., giving 530 sq. ft. in the 
main plane-s. 

Lanchester has taken an earlier model for comparison 



Fni. 71.— Mr M'Ciean's "Wright" Biplane. 

whose dimensions were 40 ft. span by 6 ft. chord, and he 
allowed 500 sq. ft. as the total sustaining area. 

The ordinary velocity of flight is 40 miles per hour 
or 58 ft. per second. 

The plan of the main planes is nearly rectangular, 
the leading corners being slightly rounded, and the trailing 
corners rather more so. The main planes are built up on 
two spars of American spruce, the front spar being fixed 
at the entrant edge, and about 2 in, in thickness. This 
.spar has a series of aluminium sockets attached to it 
which hold the struts between the upper and lower main 
planes. All the struts except the three rear ones at the 
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extremities of each wing are attached by means of these 
sockets. 

The second transverse spar is situated at a distance of 
4 ft. 3 in. to the rear of the front spar in each plane, and 
the nineteen struts are distributed between these two pairs 
of spars. The outer three on each trailing end of the 
wings are attached as described in Chapter X. by means 
of hooks and eyes to permit of a small movement 

The ribs have a total length of 6 ft 6 in., those forming 



Flu. 72.— (leneral View of the Wright-Clarke Glider. 

the engine supports at the centre of the machine being stiff" 
and solid. The trailing ends of the ribs are connected 
together by means of a steel cable. 

The planes are double surfaced, the fabric being nailed 
to the front spars, and sewn to the ribs by means of pocket 
strips. Diagonal wire bracing is also fitted between the 
upper and lower layers of the covering fabric. 

The auxiliary surfaces consist of a double horizontal 
elevator of the suijerimpased type, 14 ft. 10 in. from tip 
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to tip, having a chord of 2 ft. 5 in. and a gap of 2 ft. 7 in., 
and it is placed about 10 ft. in front of the machine, held 
in an outrigger, and the movement is so arranged that the 
curvature of the surfaces is increased when the elevating 
planes are moved out of their normal positions. This is 
arranged by fixing the fulcrum of the operating levers so 
that the forward ends of the levers which are attached to 
the leading edge of the elevators move through a much 
smaller arc than the rear ends of the levers attached to the 



Fli;. 73.— VVrighl Biplane al Rhoims, shoeing Iht Propellers. 

trailing edges of the elevators. Thus the rear edges of the 
elevators are Rexed downwards, and increase the curvature 
of the planes when they arc set to raise the front of the 
machine in the air. Between these two elevator surfaces 
is fixed a pair of small vertical half-moon shaped surfaces 
6 ft, apart to assist in maintaining a straight direction, 
and to facilitate turning. This arrangement is shown in 
Fig. 72, representing Mr Alec Ogilvic on his Wright 
glider, which is a smaller edition of the actual flyer. 
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A double vertical steering rudder is fixed on an out- 
rigger 8 ft. 6 in. behind the main planes. These two 
surfaces are 5 ft. lo in. in height, and 2 ft, in width, and 
are situated 19 in. apart; they are attached by cross struts 
and wires, and move in unison. 

The total area of these auxiliary surfaces is about 
1 50 sq. ft. 

The Wright machine is propelled by two wooden screw 
propellers (Fig. 73), 8 ft. 3 in. diameter, which revolve at a 
speed of 450 revolutions per minute in opposite directions ; 
larger propellers up to 9 ft. 2 in. diameter have, however, been 
fitted. These are driven by an open and a crossed chain 
from the rear of the engine crankshaft, and arc geared 
down in the ratio of 9 to 33 in the modern machines ; 
Lanchester took these ratios as 10 to 33 in his calcula- 
tions. 

The propeller shafts are held in brackets .supported 
from the rear of the main frames, and are 1 1 ft. 6 in, 
apart, and an adjustable stay is fixed for tightening each 
chain. The gliding angle of the machine is about f . 

Messrs Voisin had been experimenting for many years 
before their first machine became known through the 
medium of Farman and Uelagrangc. 

The machine was modified in many ways by Farman, 
who took every precaution to reduce wind resistance by 
covering portions with fabric. 

The.Voisin machine is stated to weigh with the aviator 
1,540 lb., and has a total supporting surface of 535 sq. ft., 
this being the combined areas of the supporting surfaces 
of the main planes and the tail, but there are reasons for 
supposing that the intensity of pressure on the main planes 
is greater than that on the tail, probably owing to eddy 
currents of air in which the tail operates. The ordinary 
maximum velocity of flight is 45 miles per hour, or 66 ft. 
per second. 

The area of the side curtains is approximately 255 sq. 
ft., and they are each nearly square, the main surfaces 
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are lO metres span by 2 metres chord, and have an aspect 
ratio of 5. 

The early Voism machine is propelled by a single 
screw propeller 7 ft. 6 in. diameter, with an effective pitch 
of 3 ft, and is keyed direct to the motor shaft. The actual 
pitch of the propeller is much greater than 3 ft., the 
particular type under discussion had a very great slip. 

Several types of motors have been fitted to the 
Voisin machine, including the E.N.V., Itala, Gnome, and 
Antoinette, the latter being of 49 H.P. at 1,100 revolutions 
per minute, and weighing 265 lb. The gliding angle of 
the machine was originally ll", but improvements in 
design, such as reduction of wind resistance, have enabled 
thi.s angle to be reduced to 9". 

Weight. — With regard to the weights of the two 
machines, the Voisin is about 40 per cent, the heavier ; 
this may be, to a great extent, due to the fact that the 
Voisin machine is fitted with a chassis having wheels 
attached to enable it to run along the ground and start 
from any point, whereas the Wright machine has large 
skids and two .small central wheels which enable it to start 
only from a rail or occasionally from smooth gras.s. The 
total weight of the chassis of the Voisin machine is about 
I cwt, and probably exceeds the weight of the under- 
carriage of the Wright machine by 60 or 70 lb. 

The weight of the aviator and sundries in each case is 
about 200 lb. 

Lanchester's theory was that for machines of equally 
good design the resistance to flight of two machines of 
equal weight is practically independent of the velocity of 
flight, therefore the horse-power required will vary directly 
as the velocity of flight. 

The Voisin machine should consequently be fitted with 
a more powerful engine, both on account of its greater 
weight and its greater speed of flight. 

Assuming that there is a mean pressure of 72 lb, per 
sq. in. in the engine cylin<lcrs as referred to the output 
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on the brake, we have at the speeds corresponding to the 
declared horse-power of the Wright engine, and the 
Antoinette engine : — 

I Bor<. Sirokf. KeTOluiEoni. | IIorM-Powtt. ' 



If these figures are obtained in practice the Wright 
machine has i B.H.P. per 45 lb. sustained, which at the 
same rate should give the Voisin 34 B.H.P.. and allowing 
an extra 10 per cent, for the greater speed ■of the Voisin, 
this latter machine would require 38'5 B.H.P. 

The actual power, as we have seen, is 49'2, and the 
difference either i.s accounted for by inelficiency of pro- 
pulsion, but more probably by an excess of power supplied 
to enable the machine to rise without the aid of a pylon. 

There is no doubt about the fact that an excess of 
power is present in both the machines, as additional weight 
has been carried in the form of a passenger. The Wright 
machine is provided with a passenger's seat located in the 
centre between the two main planes just forward of the 
centre of gravity of the machine. In this arrangement 
the distribution of weight is unaffected, as far as stability 
is concerned, whether the passenger be carried or not. 
An addition of a weight of say 200 lb. means approxi- 
mately 20 per cent, extra weight to be carried, and this 
in turn requires either increased engine power or sustaining 
surface. The latter being a constant quantity, it is evident 
that a reserve of power is present. Owing to the fact that 
no throttle is fitted to the Wright engine, what really takes 
place is that the speed of flight of the machine is and 
must be lower when a passenger is carried than when 
otherwise, showing that even when the extra weight is 
supported the engine power is sufficient to propel the 
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machine at a soaring speed at least. There is another 
aspect of this reserve of power, and that is the capability 
of the machine to ascend. Mr Lanchester did not think 
that the early Wright machine showed much capability in 
this respect, but Count de Lambert and the Wright 
brothers at least have demonstrated the fact that high 
altitudes can soon be reached. Wilbur Wright states that 
with his machine weighing l,ooo lb., and having a gliding 
angle of 7", a thrust of 140 lb. is required, and at 58 ft. per 
second velocity of flight the thrust horse-power becomes 
I4'5, the B.H.P. of the motor being 34, and if this is as 
he states 40 per jcent. in excess of the B.H.P. actually 
required, lyi B.H.P. is exerted by the engine. On cpn- 
tinuing the argument this shows an efficiency of the screw 
propellers, and transmission of 85 per cent., which is 
obviously too high. Probably 70 per cent, would be 
nearer the mark. It may, however, be that the thrust 
horae-power is 15 to ii5, and that the reserve of 40 per 
cent, includes losses in propulsion. 

The comparative efficiencies of the propellers are dealt 
with in Chapters VU. and VHI. on Propellers. 

The principal -points of difference io the main planes 
of the two machines are the flexibility of those of the 
Wright machine, which forms the subject of one of their 
patents, and .the rigidity of the Voisin planes. The 
mechanism which controls this flexibility is directly con- 
trolled by the right-hand lever moving either to left or 
right, its fore and aft movement operating the steering 
rudder. The two movements are intimately connected, 
and for this reason a single lever-controlling device is 
desirable. 

Supposing, for instance, the rudder be turned in any 
one direction, the outer wing in performing its flight round 
an arc will travel faster than the inner wing, and tend to 
rise. 

A certain amount of rise or banking is necessary in 
order to counteract centrifugal force tending to make the 
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centre of gravity of the machine continue in a straight 
path. This banking may be carried to excess in an 
extended taming, and it becomes necessary, therefore, to 
reduce the lift of the outer wing and increase that of the 
inner one, and incidentally to put a slight " drag " on the 
inner wing — the action is explained in Chapter XV. 

In the Wright machine this is accomplished by re- 
ducing the angle of incidence of the outer ends of the 
upper and lower planes, and increasing that angle on the 
inner ends. The method of construction can be seen in 
the figures, and consists of wire connections diagonally 
attached in such a manner that the tension on one side 
draws the rear outer strut downwards on that side, and a 
cross connecting wire to the other wing raises the rear 
outer fttrut of that wing a corresponding amount. 

The flexure of wing tips is also employed to restore 
lateral stability after unequal pressure on the two wings 
has tilted the machine from the horizontal in straight 
flight. This gauchissement can clearly be seen in action 
in Fig. 87 of Mr Ogilvie's glider. The elevator is manipu- 
lated by a lever at the left hand of the aviator. 

The Voisin machine is provided with side curtains to 
provide lateral thrust surfaces which only come into play 
when resisting centrifugal force. A steering rudder is 
placed inside the box tail, whilst a single elevating plane 
is fitted in front of the machine on an outrigger. 

The Voisin Biplane, 1909 type, has already been 
referred to, and a description of its more essential details, 
together with a study of Plate X., founded upon the original 
dimensioned drawing appearing in Flight, will be both 
useful and instructive. 

The Voisin machine was one of the very first European 
machines to demonstrate the possibility of a flying machine, 
and its leading characteristics are as follows :^The main 
feature of the machine is a box form tail carried on a light 
outrider about 1 3 ft. at the rear of the main planes. The 



lyCOOglC 



164 AEROPLANES 

"Bird of Passage," originally the property of Mr Moore 
Brabazon, was fitted with a single propeller directly con- 
nected to the engine shaft, and an elevator in front 
separated by a distance of 4 ff. 4 in. from the leading edge 
of the main planes, this distance being much less than that 
found in the Wright machine. It wilt be noticed that 
neither the wings warp nor are ailerons fitted, so that the 
lateral stability must be acquired by other means explained 
in Chapter XV. 

Another important difference is the chassis, which 
supports the wheels and the engine in a steel framework. 

Main Planes^ — These are of the superposed type, 
having a span of 33 ft. 11 in. and a chord of 6 ft. 9 in., 
giving a total area of 445 sq. ft. and an aspect ratio of 49, 
The surfacing is single, and Continental fabric is used and 
fixed beneath the ribs, the main spars and ribs being 
encased in pockets. The main spars, \\ in. wide by \ in. 
thick, are fixed, one on the leading edge and the other 
about 5 ft. at the rear. It will be seen that a trailing edge 
of 1 ft. 9 in. thus overhangs the rear main spar. 

Ash ribs of ^^ in. by \ in. section lie acro.ss the main 
planes i ft. 3 in. apart in order to define their true shape, 
and they have a camber as follows, measuring from the 
leading edge : — 
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The two main planes are separated by eight pairs of 
struts 6 ft. 8 in. long and i \ in. by 2 in. section, those at the 
extremities of the wings being placed farther apart than 
those at the centre, and the ribs over the struts are stronger 
than the intermediate ribs. Diagonal wire bracing is 
stretched across the various panels, both lateral and longi- 
tudinal, thus giving a stiffness to the whole machine. 

The amount of this wire bracing is very considerable 
in the Voisin machine, perhaps more so than in any other. 
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Tail. — This member, which is of the biplane box form, 
has a pair of superposed cambered planes similar in con- 
struction to the main planes of the machine, though the 
gap between them is smaller. Wire bracing is carried out 
as before, the span of the tail planes is 7 ft. il in., and its 
chord is the same as that of the main planes, thus giving 
a total tail lifting area of 107 sq. ft., that is, nearly a 
quarter of the area of the main planes. 

The Rudder is mounted upon a vertical hinge fixed 
between the rear main spars of the tail, and it is rectangular 
in form and consists of a single plane 4 ft. 2 in. in height 
by 4 ft. long, and has an area of 16-5 sq. ft. 

The rudder plane projects i ft. 3 in. beyond the box 
formation of the tail, and it is operated by means of wires, 
and has a flexible trailing edge. 

The Elevators, two in number, have a combined area of 
4S sq. ft., each being 6 ft, li in. span by 3 ft. 3 in. wide. 
They are situated in a lower relative position than that 
generally adopted, being almost on a level with the lower 
main plane. The elevators are double surfaced, a hinge 
tubular rod passing right through the ribs at about one- 
third the length of their chord from the leading edge. This 
rod is held by a forward continuation of the chassis which 
projects between the two halves of the elevator. Attached 
to the hinge rod in the centre are two wooden levers, and 
between them a bar passes, to which is fixed one end of a 
connecting rod. The other end of this connecting rod is 
fixed to the steering wheel spindle in such a manner that 
the elevator is moved when the steering wheel as a whole 
is pushed away from or pulled towards the aviator. It 
must be understood that the steering wheel is fixed on an 
almost horizontal axis, and its spindle slides in a carrier 
and does not rock about a hinge. Mounted on this spindle 
is a wooden drum around which the connecting wires to 
the rudder are coiled. A single hand control is, therefore, 
all that is provided. 

Chassis. — The tubular framework of which the chassis 
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consists is chiefly made of I J in. outside diameter tubes, 
and holds two swivels to which the running wheels are 
attached. These are of the wire spoked type and arc fitted 
with pneumatic tyres. Tension springs are attached to 
the swivelling arrangement to retain the wheels normally 
in a straight path. The tops of the swivels rest on the ends 
of helical springs 3 ft. long by 2 in. outside diameter, made 
of j in. diameter steel, projecting up beyond the lower main 
plane, the object of the springs being to minimise the 
shocks received by the wheels in running over rough 
ground from being transmitted to the machine as a whole. 
The question of suitable spring suspension is a very im- 
portant one, and inventors are at work devising a pneumatic 
system with a lar^e working range to replace springs of 
this type. 

Radius rods are provided, one to each swivel, so that 
when the spring is compressed the wheel increases its 
" trail " and the wheel supporting framework is de- 
flected out of the vertical. The outward ends of the 
radius rods are pinned to the forward extension of the 
chassis. 

Side curtains are fitted both to the main planes and to 
the tail, in the former instance they are four in number, 
and in the latter, two. 

These curtains are made of the ordinary fabric stiffened 
by ribs and by the diagonal wire bracings. Farman 
eventually dispensed with these curtains, but their original 
object is described on page 163. The probability is that 
their presence affects the air currents, particularly in the 
vicinity of the rudder, but they may prevent the air under 
the upper plane leaving it sideways at the tips, and thus 
therefore increase the efficiency of lift. 

Propulsion. — The single propeller running at a high 
speed is driven by an engine of 50 H.P,, finally an E.N.V. 
of the eight-cylinder V type being decided upon. 

The two-bladed steel propeller is of the clip or adjustable 
pitch type, with large square ended blades. Some ob.serva- 
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tions on this propeller are made in the comparison with the 
Wright machine. 

Weights of thb "Bird or Passage," 

LK 
Main ptanes 

Tail 

Rudder - 

Elevator - 

Engine 

Radiator and water 

Aviator 
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CHAPTER Xiri. 
THE FARMAN MACHINE. 

Plate XI. 

Henry Fakman's name has been prominent amongst 
those of successful aviators, and particularly as having been 
associated wilh Voisin Freres, and as the winner of the 
Deutsch- Archdeacon prize for the first circular kilometre 
flight. 

This was achieved on a Voisin biplane, but Farman 
carried out from time to time numerous modifications with 
this type of machine until eventually he has designed a 
machine of his own somewhat on Voisin lines. His 
machine has been particularly successful at the latter end 
of ipog, both in his hands and those of M. Paulhan, and 
fitted with a Gnome engine some beautiful and remarkable 
flights have been made. In general appearance this 
machine is light and stable, its most noticeable difference 
from the Voisin machine is the absence of side curtains 
both in the main planes and the tail. The provision of 
skids in addition to four supporting wheels beneath the 
main planes is an innovation, and the great advantage of 
such an arrangement in landing is obvious. Paulhan has, 
however, .such remarkable control over the machine that 
although descending from a height through a dangerous- 
looking angle, his final impact with the ground is so slight 
as to scarcely warrant the use of the term at all. 

Main Plums. — These are of the superposed type, having 
a sp;in of 32 ft. 6 in., and a chord of 6 ft. 4 in., their aspect 
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ratio being therefore 4'i. These planes are separated by 
eight pairs of ash struts, 6 ft. 4 in. long, four pairs being 
close together in the centre section where the weight is 
situated. The framework of the planes is of the usual type, 
being made up of two transverse main spars, 4 ft. 9 in. 
apart, and attached together by longitudinal ribs, flush at 
the leading edge, and projecting at the trailing edge beyond 
the rear transverse spar. The planes are single surfaced 
only, but the spars and ribs are enclosed in fabric pockets. 
It will be seen that the flexible trailing edge is 1 ft. 7 in. 
broad, and each plane has an aileron fitted of that breadth, 
and of a length equal to that of about one-fifth of the total 
span. When in flight these ailerotts lie in the same line 
with the trailing edge, and can scarcely be detected, but 
when stationary they hang down vertically like hinged 
flaps. Owing to the position of the propeller at the rear of 
the main planes, and revolving about a centre only slightly 
above the level of the lower plane, this plane is cut away 
to give the necessary clearance at the centre. 

The framework supporting the tail is made of four ash 
spars of rectangular section attached to the transverse main 
spars ; they convei^e slightly at the rear, and are separated 
by vertical struts held in aluminium sockets. No lateral 
distance struts are provided, but wire diagonal bracing is 
freely used here, as also between the main planes. These 
four spars are carried forward parallel in plan view, but 
converging to an angle in side elevation, and terminating In 
a cross member, about which the elevating plane is hinged. 
At the rear a biplane tail member is fitted, built up in a 
similar manner to the main pianos, but of 7 ft. span. 

The two vertical rudders are hinged between the rear 
spars of the tail, and work simultaneously. They are 
rectangular in form, and project a short di.stance beyond 
the tail. Through the centre of each rudder plane a short 
strut projects in both directions normal to the surface, and 
their ends serve as fixing points for bracing wires, one of 
which is attached to a corner of each plane, and a complete 
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triangulation is fbrramt These wires are also carried across 
from the rear two corners of one rudder-plane to those of 
the other. 

The control wires which operate these rudder planes are 
carried across a short lever fixed normally to the surface of 
each plane at the centre of its hinged edge, and pass across 
the centre struts fixed to the rudder planes, and round the 
rear edges, to which they are attached, the connection being 
also carried across between the two rudders. 

The elevator plane has a span of 1 5 ft., and is hinged as 
before stated, and constructed in three sections to clear the 
members forming the outrigger; the forward portion, how- 
ever, is continuous. The controlling wires are attached to 
a normal strut attached to the rear transverse member of 
the framework, one at the upper and one at the lower end 
of the strut. The wires are connected at their other end to 
a lever placed at the aviator's right hand, which lever also 
actuates the wires controlling the balancing aiUrims. The 
connections are arranged to allow of subconscious control ; 
a backward pull of the lever increases the angle of incidence 
of the elevator. The lateral .stability is effected by move- 
ment of the same lever to right or left — thus moving to the 
right lowers the ailerons on the left, causing that side of the 
machine to rise. It will be noticed that although the same 
idea is carried out as in the Wright machine, the connection 
of elevator and ailerons to one lever is adopted, whereas in 
the Wright machine it is the rudder that is connected to 
this universal lever. Perhaps in many respects the rudder 
and the ailerons are more intimately associated, as the 
movement of the rudder is bound to affect the lateral 
stability, and a suitable motion of the controlling lever in 
a diagonal or elliptical path actuates both simultaneously. 
The Farman machine has foot-operated rudders, a pivoted 
foot rest being so connected up that a depression of the 
right foot steers the machine to the right, and 2iice versa. 

The skids already referred to are each suspended from 
a short axle carrying a pair of wheels. The suspension is 
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by a stout rubber band, and the skids are located at right 
angles to the axles by distance rods. Normally, the weight 
of the machine, which is supported upon the skids, is trans- 
mitted through the rubber bands to the axles and wheels 
and thence to the ground. An excess of load or shock 
stretches these bands, and the skids themselves come i;»to 
direct contact with the ground. 

The propeller is by Chauviere, of the two-blaticd type, 
8 ft. 6 in. diameter. 




Kic;. 75.— CurlLssBipli 



Curtiss Biplanc^This machine was somewhat of a 
dark horse at the Rljeims meetin}^, but its great success 
in speed contests, both there and later in America, at once 
arrest attention. The machine much resembles the Wright. 

The main planes are fitted with twenty-two rib.s, each 
made of three-ply wood ; both upper and lower planes are 
detachable at about half the length from the tip to the 
centre, and the planes themselves are single surfaced. 
The fabric is attached to the ribs by flat cords and 
fastened with brass nails; the surfaces are divided each 
into seven sections, three in the centre and two on cither 
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side. The woodwork is of American spruce, and braced 
together with steel stranded cable. The cables are soldered 
together wherever they cross one another ; the supports 
for the elevator and the rudder are fixed to bamboo 
stays fitted with cable bracings. The lateral stability is 
obtained by the use of ailerons situated about half-way 
between the upper and lower planes, and at their outward 
extremities, and are operated by the back of the aviator's 
seat by means of natural movement of his body. 

The Curtiss engine has four cylinders 33 in. by 3^ in. 
stroke, giving 35 H.P. at 1,100 revolutions per minute, and 
a maximum of about 50 H.P., and weighs about 200 lb. 

Maurice Farman has produced a machine to his own 
design and with which he has had considerable success. 
This celjular biplane resembles Fig. 76, and is somewhat 
similar to two other well-known types. 

The span of the main planes is 32 ft. 6 in., and its 
total supporting area 54° 'sq- ft. A chassis somewhat 
similar to that .of the Voisin machine is fitted and covered 
with' fabric forming a -cockpit in which the aviator sits. 
The elevator is placed well forward, and is controlled by 
circular motion of the steering wheel which also acts 
upon the rudder, the latter being between the box tail 
curtains. 

A lateral movement of the wheel operates the rudder 
by means of a cable. The main wings are warped at 
their rear tips in the manner of the Wright machine, a 
lever at the aviator's left hand performing the necessary 
control. Both the control mechanisms are arranged so 
that in the case of gauckissement, or elevating, the gear 
remains as placed by the aviator until he moves it at will. 

The new Maurice Farman machine will tje fitted with 
an under carriage embodying the use of skids in con- 
junction with the wheels ; it will be noticed that the 
suspension contains spring bufllers, and also provision for 
lateral displacement of the wheels to some extent. 
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Cody Machine. — One is apt to be sceptical about 
Mr Cody and his machine, but at the same time great 
credit should be given to him for the untiring vfork he 
has put into the subject. He has achieved some excellent 
flights at Farnham, but somehow when the public eye has 
been upon him, failure has attended his efforts. Lack 
of sufficient funds was perhaps one of the chief drawbacks 
which he encountered, but dogged perseverance on his 
part has been rewarded by several successful flights. 



Fig. 76. — Mr Howard Wright's Kiplanc. This machine is soiuewhal 
similar to ihe Maurice Farmun machine, excepl Ihal ihu laller has a 
monoplane elevator in Iwo sections am! a different suspension, its 
framewuck also is wooden instead oftuhiilar. 

Enthusiasm, however, seems to be the dominating 
feature of his character, and it is a pity that its reward 
should have been so disappointing. The most remarkable 
feature of the Cody machine is its she and weight — these 
two may be thought to be a disadvantage, and that is true 
when considered from the point of view of the still air flyer. 
There are some of us who think that the future develop- 
ment of flying machines will be a high speed and com- 
paratively heavy machine, so perhaps the Cody flyer may 
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be a move in the right direction. The weight of this 
machine is attributable to the very substantial construction 
of the ■ framework timbers, of large size are used and well 
triangulated. 

The ■ Chassis projects well in front of the leading, 
edge of the main planes, and carries three wheels in 
tricycle form. The machine Js properly carried upon the 
two rear wheels, the leading one being for emergencies, 
and to retain the machine , in a level position when 
-stationary. One of Cody's innovations is a stout wooden 
tail formed like a large hockey .stick, to take the shocks 
when alighting, and he attributes great importance to 
this adjunct. 

The machine is somewhat of the Wright form in that 
it has no tail, but is fitted with an elevator in front held 
on a bamboo outrigger. 

Main Planes. — These are arranged in the usual biplane 
superposed fashion, but they are slightly arched. The 
span of the planes is 52 ft, and they have a chord of 
7 ft. 6 in.; giving an aspect ratio of 694- The gap between 
the planes at the centre is 9 ft., and they are separated by 
struts and diagonals in the usual way. The aviator's seat 
is quite in front of the leading edge of the main planes, 
and in front of the engine. 

The planes are double surfaced, but their arching is not 
uniform throughout, being flatter at the tips. 

The Elevator, which is in front, is of considerable length, 
and divided into two at the centre. Each half can be 
separately manipulated, thus forming ailerons to control 
the lateral stability of the machine. 

These elevators are of the single plane type, and arched 
in the same manner as the main planes. In addition to 
the elevators, supplementary surfaces may be fitted in a 
vertical plane at the rear of the main planes to improve 
the steering qualities of the machine, and to act in con- 
junction with the — 

Rudder. — This is at the rear of the machine, and of the 
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single vertical type, held between a pair of rear spars 9 ft. 
apart, and stiffened by diagonal bracing. 

The control of the rudder as well as the elevators is 
obtained by movement of a steering wheel with a pivoted 
joint and a lever attached. Movement of the aviator's 
body is naturally transmitted to the wheel, which thus per-, 
forms the necessary operations. Control rods are attached 
to the elevator mechanism in front, one to either plane. 
The machine has a very large area, there being 780 sq. ft. 
in the main planes alone. An eight-cylinder E,N.V. engine 
of 80 H.P. was fitted, driving two propellers by means 
of chains. 

The propellers are placed between the planes and near 
to the leading edge. They revolve in opposite directions, 
and are geared down from the engine shaft. 

Mr Cody prefers a shape of blade which is broad 
towards the root and narrow at the tip, similar to those 
he designed for the War Office dirigible; he is not very 
keen about chain drives owing to the supposed liability 
of the chains to break. With slow speed propellers the 
author does not think the risk great, as should the engine 
suddenly stop, the inertia, a slow speed propeller, would 
not generally be sufficient to cause the modern well-made 
chains to suffer any such risk. 
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Exhibits of Mokoplanes at the First Aeronautical 
Sai-on, Paris, Decembkr 1908. 



Aiifrs Avion Arls et Meliers 
(No. 3) Museum 

K.E.P. (Nil. 1 R. Esnault- 
■ J) f'elterie 

Bleriol (No. IX.) ; Sociele Bleriot 



La Demoiiielle - Sanlos Dumimt 

Pisclioff - - ' I'ischoff S; 

I Koechlin 

Veniifmie (So. l) , U. Vendonie 

nenl Bayard - , CIcmt.'Dt Ilayard 



.E. 


Surfact, 


.6 


■56 


9-6 


'57 




24 


- 


13 

40 


J "5 


9 
'3 


9 


i6 


II 5 


'1 



7cyl. K.E.P. j 



I 2 cyl. 
i 17 

acyl. I 

5° . 
3cyl. Anuni. 

. 7 cy]. B.C. 



Exhibit.? ov Biplanes .at the First Aeronautical Salon, 
Paris, 1908. 



Wright 

Farmai, (No. I) ■ 

j Llelngrange - Sle. d'Encour^ 

' KkinoUNo. X.)- Bleriol 

I^june (No. 1) ■ Lcjuiic 



2-5 i 47-S, 4S0 
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CHAPTER XIV. 
Progressive Monoplane Records up to end of 1908. 



Dale. 


Aviator. 


PIk«. 


DistwceoiTime 


I4lhOci. 1S97 
5lh April 1907 
17th July 1907 
»5'h .. .. 
a2nd Oct. 1907 
27ih „ „ 
1 8th Nov. J 907 
6[h Dec. 1907 
iiih Fob. 1908 

8th June 1 90S 
4th July 1908 
6th „ „ 
2 1st Aug. 1908 

31st Oct. 1908 


Ader - 

BUriot - 
Vina 

BUriot - 
Esnault-Pelterie 

DeUVauilt - 
Bleriot - 

Mengin 
Esnaull-l'elterie 
Bleriot - 

Mengin 
Bliriot - - 


Salory ■ 
Bagatelle 

Issy" . : 

Buc 

sJ'Cyr ■ - 

Issy 

Bagatelle 

Buc - - 

Issy 

Toury, across 
country 


300 metres. 

60 metres. 
150 ,. 

3° .. 
150 .. 

60 „ 
600 „ 
ISO .. 

1-2 km. 

6 km. =s min, 47 sec. 
8 min. 45 ^c. 
i'6km. = iniin.30sec. 

14 km. 



Kheihs Meeting, August 1909. 



D„.. 


Aviator. 


AehieveiBait. 


26(h August 1909 
irth „ „ 
»9lh .. 

as :: :: : 

1 26lh ., 

1 Gordon Bennett race - 

1 Altitude priie - 
150 metre speed record 


Blitiot - 

Latham (No. 29) . 

,. (No. 13) - 
Bliriot (speed record) 
Latham . 
BUriol (2nd place) - 
Latham (3rd place) - 
(1st place) - 

„ (No. 29) - 


40 .. 

30 km. in 25 min. l8i sec. 

30 km. in 26 min. 32I sec. 
10 km. m 7 mm. 47^ sec. 
10 km. in 8 min. 34 sec. 
iSmin. s6Hec. 
17 rain. 32 sec. 
155 metres (508 feel). 
2 hrs. 13 min. 9! sec. 
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Progressive Biplane Records up to end of 1908. 



Due. 


Ai-ulor. 


Plue. 


Dbunao 


t™.. 


1906. 










14th Sept. 


Santos Dumont - 


Bagatelle . - 


8 metres 




13th Nov. 






"" " 




1907. 










30th Mat. 


Pelagrange 


Bagalelle 


300 metres, 




15th Ocl, 


Karman 






285 .. 




26ih „ 








7?i .. 




i7lh Nov. 


Santos DumonI - 










ijlh Dee. 


Pischafl" . 




5«> '.'. 




1908. 










I3ihjftn. 


Farm an 


Issy - - - 


I -5 km. 




mh Mar. 


Bell - 


New York 




315 f- 




lOth Apiil 


Delafirange 


Issy 




S-/km. 




a7lh M.y 




Rome - 




9 km. 




3«h „ 








12-5 km. 
17 km. 




zind Jane 




Milan - 






4ih July 


Grahnm Bell 


New York 




1,100 yds. 




6th „ 


Farman - 


Ghent . 




19-17 km. 




8th Aug. 


Willrar Wright - 


1Iunaudif.-iL'? 




1 min. 45 s 




nth „ 








3 min 43 ^ 




19th ,, 


Ca^. Feili'r - 


Is.^- " - 




256 metres 




3iii Sept. 




Auvciurs . 




10 min. 40 


sec. 


S'h .. 


Wilbur Wright . 






:9 min. 48 


sec. 


6ih „ 




Issy' 




147 km. 




9th „ 


Orville Wright - 


Fort Meyer, U 


S..A. 


1 ht. 2 min 


30iec 


nth „ 








Ihr. icmin 






Wilbur Wright ■ 


AuvouJs - 




.hr.3imin 


as sec. 


a9th,. 


Farman ■ 


aaloni - 




39 km. 




3«h „ , 








41km. 




i8th Dec. 


Will'mr Wright - 


I^Mans 


,hr.S4min 


22 sec. 



The Wtight brothers had made a 
previous to their appearance in Frani 
the details of these. 



r-ery large number of flights in America 
:, liut the author is not in possession of 
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Biplane Records at Rheims, 1909. 



.,.. 


A.i.,0. 


Machint. 




37th August - 


H. Farman - 




i3okni.,3hrs.4inm. sesec. 


as :: ; 


Paulhan - 


Farman 


131km., zhrs. 4omin. 


De Lanibeit - 


Wright 


116 km., ihr. Simin. 


i7lh ., 






no km., 1 hr. 47 min. 


29th „ 


Curliss 

(Speed prize) 


Curtiss 


3okm.,23miii. 29 see. 




Tissnndier (3rd} 


Wright 


30 kir.. 18 min. 59 sec. 


2gih 


Curliss (znd) - 


Curtiss 


10 km., 7 min. 49! sea 


22nd „ 


Lefebvre (4th) 


Wright 


10 km., 8 min. 59 sec 


Gordon Btnnelt 


Curliss ■ 


Curtiss 


lokm., IS min. 50I sec. 


race 


I^febvre (4lh) ■ 


Wright 


20 km., so min. 47i see. 


Passenger priie 


H. Fannan(lst) 


Fatm.n 






Lefebvre (3ld} ■ 


Wright 


1 passenger, 10 mm. 39 sec. 


Height ," 


H. Farmnnflnd) 


Farman 




" 


I'aulhan (3rd) ■ 


" 


90 .. 



These records are of particular interest in view of the 
enormous advance which was made in length of flight, 
feats of daring, and height attained during the short dura- 
tion of the meeting. Such results can only be attributed 
to the keen rivalry between the aviators. It may be 
definitely stated that the Rheims meeting has given a 
very great stimulus to the art of aerial flight, firstly by 
demonstrating the fact that flight is not "the height of 
impossibility" as Mr Rolls has pointed out, and secondly, 
that it is a practical sport. 

The results of the meeting are a great landmark in the 
science and sport of aviation, and as such are set down 
here. Since that meeting, as we all know, still more 
remarkable feats have been performed, as instance the 
daring displays of Latham at Blackpool and in France, 
also the notable flight of Count de Lambert across Paris 
and round the Eiffel Tower, during which flight he is 
credited with attaining an altitude of 350 metres, and the 
subsequent exploits of Paulhan and Curtiss in America. 
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Amongst British aviators four at least have already 
attained success, not including Mr Cody. First by a few 
days, Mr J. T. C. Moore-Brabazon succeeded in winning 
the Daily Mail £\fxxi prize for a flight of a circular mile 
on 30th October on an all-British built machine. Mr 
Moore-Brabazon had already had considerable experience 
with his Voisin machine, shown at the first Olympia aero 
show, in addition to other machines in France ; he, however. 



Fig. 77.— Tuning up a Bicriol Type XII. at Rheims. 

was anxious to fly a British machine, and his opportunities 
had been delayed whilst the machine was in course of 
construction, Messrs Short Brothers, who are the con- 
structors in this country of the Wright biplanes, built the 
aeroplane, the engine being a 50-60 H.P. Green with 
cylinders 140 mm. bore by 140 mm. stroke, weighing 
without flywheel and magneto about 250 lb. Closely 
following upon this achievement the Hon. G; S. Rolls 
made some excellent flights on his Wright machine, also 
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at Shellbeach, covering a double circle of a mile and a 
half altogether two days after the previously recorded 
performance. 

The same week-end Messrs Ogilvie and Searight took 
delivery of their Wright machine at the Shellbeach factory, 
and the author had the pleasure of assisting in the trans- 
port of this machine by road to their hangar near Rye. 

Within a fortnight of that date the machine had been 
assembled and tested, and Mr Alec Ogilvie had made 



Fui. 7S. — Kenard ^Urshlpand Farman Biplane al Rheims, 1909. 

several flights, in a circular course of ten minutes' duration, 
over the beach. 

Mr Claude Grahame-White, at the BI<^riot school, Pau, 
soon achieved success as an aviator, and made some ex- 
tended flights on a Bleriot XII. model, and subsequently 
both at Brooklands and Hendon demonstrated with a 
Bleriot XI. that he was a master of the monoplane. He 
obtained the pilot aviator's certificate of the French Aero 
Club a,s a result of his performances. 
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Rkcords and Prohress 01' 1909. 

Just previous to the New Year of 1909 Wilbur Wright 
made his official record for the Michelin cup in France. 
On 18/A December 1908 he flew a total distance of 99S 
km., a world's record to that time, in i hour 54 min. S3| sec. 

At the beginning oi January, Herr Grade on his mono- 
plane flew short distances up to 400 metres at speeds of 
from 30 to 40 km. per hour. 

Mr Moore-Rrabazon also made a flight of 5 km. on a 
Voisin machine. 

Mr Cody also made short flights, the greatest distance 
covered being 250 yds., the flight ending in disaster to his 
machine. 

Bliiriot made a flight of 200 metres on his short span 
monoplane. 

February. — On the 14//; Farman flew a distance of 
S km. with a passenger. 

Two days afterwards Gufl"roy, on an R.E.P. monoplane 
at Buc, flew 800 metres at a speed of 80 km. an hour. 

On the- 16/^, also, Bl^riot increased his flight to 600 
metres on Bl^riot XL, the short span machine, at Issy, and 
Demanest flew 400 metres at Chalons on an Antoinette 
monoplane, 

The \%th saw Wilbur Wright, accompanied by Count 
de Lambert as a passenger, fly at an average speed of 70 
km. an hour for four attempts at the measured kilometre. 

On the 24/A Mr Moore -Brabazon covered a circular 
kilometre at Issy on a Voisin biplane, and also in America 
the " Silver Dart " biplane flew \ mile in a straight line. 

%tk March.— On this day the "Silver Dart" flew 8 
miles in 1 1 min. 15 sec, and on the following day Santos 
Dumont made a trip on his " Demoiselle" of 500 metres. 

Goupy, on a biplane constructed by Bl^riot, flew 200 
metres at Buc, and Bl^riot himself flew \\ km. on his No. 
XI. machine. 

The " Silver Dart " continued to make progress, and on 
the nth flew 19 miles at Baddeck, Nova Scotia, 
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April. — In the early part of this month Latham flew at 
Chalons on Antoinette IV. over a kilometre. Wilbur 
Wright also made flights at Rome, 

On the 8/A Santos Dumont flew 2J km. across country 
at a height of from 60 to 70 ft. on the " Demoiselle." 

igCA.-^Latham flew i^ km. on Antoinette IV., and on 
the following day De Caters made three flights at Chaions 
on a Voisin machine, of about i km. each, and Rougier on 
a Voisin machine also made similar flights of rather less 
distance. 

A record speed of 72 km. an hour was made by M. 
Demanest on Antoinette IV. at Chalons on the 29/// inst. 

\st May saw Mr Moore- Brabazon transferred to 
Shellbeach, where his best flight was of 500 yds. distance. 

2ist. — Rougier was flying at juvisy on this date and 
made eleven circuits of the course, in all about 30 km., on 
a Voisin machine. On this day, also, Demanest flew for 
13 min. 23 sec. on the Antoinette machine. 

On the following day Latham was out with Antoinette 
IV., and made a flight lasting 37 min. 37 sec. at a speed of 
72 km. an hour, thus making a new monoplane record. 

The same day and the following day Guffroy was busy 
at Buc, and Anally made a flight of 8 km. with the K,E.P, 
No. 2 {bis) machine. 

29/A and 30M were days of the Juvisy meeting, where 
a prize of 1,000 francs was won by the late M, Delagrange 
on a Voisin machine for his circular kilometre flight, which 
he made in i min. 40J sec. 

The late Captain Ferber carried off" the 500 metre prize 
with his Voisin flight. 

_/««^,— In this month a prize of ;t4,ooo was awarded 
jointly to Bl^riot and M. Gabriel Voisin for their great 
work in the development of flying machines. 

The first remarkable monoplane flight was made on 
!,tk June 1909 by M. Hubert Latham with Antoinette 
IV. This flight broke all the French records up to that 
time for either monoplanes or biplanes, and was made at 



lyCOOglC 



l86 AEROPLANES 

Chalons camp. He remained in the air for i hour 
7 mill. 37 sec. at a height of between 1 5 and 40 metres. 
The wind was Wowing at the rate of 15 km. an hour the 
whole time, and the rain poured down during the last 
twenty minutes. 

On the following evening M. Latham made another 
splendid flight, having entered for the Ambroise Goupy 
prize for a cross-country flight of 5 km. Starting from 
Chalons camp at 7.52 P.M., he flew straight over the 
country for 59 km. in 4 min. 3*3 sec. at a speed of about 
50 km. per hour. He then turned rouiid without coming 
to earth, and returned to his starting point, another record 
up to that time. 

On 71k June 1909 Latham made his first flight with 
a passenger, whom he carried 700 metres, and finally 
carried Mr Hewartson for 11 min. 57 sec, covering about 
6 miles, although the wind was blowing in strong gusts 
most of the time. 

The late Captain Ferber won the Archdeacon cup on 
the 6th for his flight of 65 km. on a Voisin machine, and 
on the following day Bl^riot was out with his large machine 
No. XII., and carried a pas'^enger for 600 metres at Issy. 

Paulhan made his first noteworthy flight on the gth at 
Bar-sur-Aube en a Voisin machine, when he flew for i km. 

The \2th was a notable day, as Blcriot succeeded in 
carrying two passengers on a straight flight in his large 
machine, and Latham made a long flight of 49 km. in 
39 min. 

Mr Cockburn appeared as an aviator on the 15/A, when 
he flew for 500 yds. on a Henri Farman machine at Chalons. 

Curtiss has a recorded flight on the 17/A in America, 
where be is credited with a half-mile flight at a speed of 
45 miles per hour. 

On the iglh Count de Lambert made a cross-country 
flight at Juvisy, v\ hen he flew for 1 2 min. 52 sec. 

Bleriot, Cody, Paulhan, and Farman were all in active 
practice about this time. 
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A new-comer in M. Jean Gobron made notable flights 
at Issy on the 26/A on a Breguet biplane, his principal 
achievements being flights of 10 and 15 km. at a speed 
of 70 km. an hour. 

July. — Gobron continued his successes, and on the 2nd 
carried two passengers for 5 min. in his machine. 

On the 4M Bl^riot flew the longest distance on that 
day at Juvisy when he was in the air for 50 min. 8 sec, 
and thus won Mme. Archdeacon's prize of i.cxx) francs. 

Captain Ferber also won a prize of 2,500 francs by 
beating Blt^riot's time for a 3 km. flight by 12 sec. 

M. Roger Sommer, a successful new-comer, made his 
first flight of 6 km. on his new H. Farman biplane, and on 
the following day he flew for half an hour. 

The \2th was notable as the day Bleriot made a 
splendid cross-country flight from Mondesir to La Croix- 
Biquet, 4r2 km. in 44 min. 

Two days later Sommer made a cross-country flight 
from Chalons to Savenay and back. 

On the \jth Curtiss flew for 675 min. in America, 
and Paulhan in his Voisin biplane flew 12 km. at Douai ; 
also Orville Wright flew for 12 min. in America, and 
again on the 2Qth he flew for i hour 21 min., covering 
during that time about. 50 miles. 

The x^th was a day of competitive flying at Douai, and 
Paulhan went for height and speed records. In the former 
he was successful in beating Wilbur Wright's record of 
360 ft. by attaining a height of 490 ft. In the speed 
contest with Bleriot he was beaten in the kilometre, his 
time being i min. 37 sec. to Bl^riot's i min. 9 sec. 

Latham made his first cross-Channel attempt on the 
19M, when he traversed 6 to 8 miles, starting from Sangatte. 
The same day Paulhan flew from Douai to Arras, 13 miles, 
and then on another 6 km. 

Cody was out on Lafl"an's Plain on the 2\st, and flew 
4 miles, and the next day Paulhan covered 70 km. in 
I hour 17 min. ig sec, with a Voisin biplane at Douai, 
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and Orville Wright is also credited with a speed of 54^ 
miles per hour, at Fort Meyer, U.S.A., attained on the 
22nd. 

Bl^riot made his historical cross-Channel flight on 
25/// July from Les Baraques to Dover, a distance of 
31 miles in 37 min. and thus won the Daily Mail £i,ooo 
prize, and many other awards. Two days later Latham 
made his second Channel attempt, when he failed just 
before reaching Dover. 

"the 27?/*\vas the date of the Vichy aviation meethig, 
when the following were winners of events : — 

Tissandier covered 20 km. in 22 min. 55 sec., in his 
Wright machine ; he also did the cireuit of I3 km. in the 
best time of I min. 52 .sec., and totalled the greatest time 
in the air during the meeting of i hour 23 min. 

Paulhan won a prize for his flight of 3-5 km. in 5 min. 
I sec!, including twice cro.s.sing the River AUier. 

On the 3%ili Sommer put up a new record for time, 
remaining in flight' for 1 hour 23 min. 30 sec, on a Farman 
machine, thus beating H. Farman's own record by half a 
minute: - - ■ 

\st August. — Sommer improved upon this by flying for 

1 hour 50 min. t)n-his Farman machine, and he made a 
cross-country journey of 9 miles in 12 min. on the next 
day. Again'oh the ^tk his duration of flight increased to 

2 hours lO min. 

The late M^ Lefebvre made a flight of 18 min. duration 
in Holland on his Wright machine on the 4///. 

De Caters and Bunau Varilla also flew on the following 
day for about a quarter of an hour, each on Voisin machines. 

On the yth Paulhan was at Dunkirk, and made a flight 
of I hour 32 min. 45 sec. 

Sommer on the same day made an unoflicial duration 
record of 2 hours 27 min. 15 sec, thus beating Wilbur 
Wright's record of 2 hours 20 min. 23 sec. 

M. Jean Gobron remained in the air for 30 min. on 
that day. 
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22nd to 2Ztii was the Rheims aviation week (see other 
■ table), 

Cody made a flight of 8 mites across country on the 
2?itk, and flew for i hour 3 min. on ist September, rising 
to a height of 300 ft. 



yth Sepleiiiber WAS a. sad day in the annals of aviation, 
as M. Lefebvre, who had shown such remarkable skill at 
Rheims, was fatally injured by a fall in his Wright machine 
at Juvisy. 

I Ilk. — Santos Dumont flew across country in the 
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''Demoiselle" from St Cyr to Buc, 5 miles in 5 min., and 
returned the next day. 

1 8//1. — Orville Wright carried a passenger in his machine 
for I hour 35 min. 47 sec,- - , . ' ; 

Paulhan was at Ostend on that day, and won a prize 
of 25,000 francs for the hour flight 

Santos Dumont beat Curtiss' record for rising in the 
shortest distance, when he got off the ground after 70 
metres' run, beating the previous distance of 80 metres. 

Captain Ferber was fatally injured on the 22fui by a 
fall in his Voisin machine at Boulogne. He was one of 
the earliest experimenters, and had spent many years in 
investigation of aeronautical matters. He flew under the 
name of "de Rue." 

2«;/ Ocii>^er.—The Crown Prince of Germany was 
taken for a short flight by Orville Wright at Berlin. Mr 
Wright afterwards reached an altitude of 1,500 ft. in 
his machine. 

, - The" Doncaster meeting, was held from 15/A /o 2^rd 
£)ctober, and. the Blackpool mcefing from \%tk to 2^rd 
Octoi'er. ' The latier meeting is chiefly " marked - by the 
daring flight of Latham in a gale of wind. These two, 
the first aviation meetings in England, were much marred 
by bad weather. 

The \%lk was marked by a splendid flight by Count 
de Lambert in his Wright machine, when he started from 
Juvisy, and flew over Paris, encircling the Eiflel Tower, 
and returning to the starting point. 

On the zolh Maurice Farman made a flight on a 
new machine built to his own design, when he covered 
a 12-mile circuit in the vicinity of Buc, remaining in the 
air for 55 min. 

The first lady aviator. Baroness La Roche, made a 
flight at Chalons in a Voisin machine on the 227td. 

On the 37/// H. Farman made a duration flight of 4 hours 
17 min. 35 sec. at Chalons, covering a distance of 137 
miles. 
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30///. — The Daily Mail ^i.ooo prize for the first 
circular mile flight by a British subject on an all-British 
machine was won by Mr Moore-Brabazon at Shellbeach. 
On the same day Paulhan made some splendid flights 
at Brooklands, one of an hour's duration, when he attained 
heights of 600 and 720 ft. The following Monday he 
flew 95 miles in 2 hours 49 min. 20 sec. 

\sl November. — The Hon. C. S. Rolls won the 
Salomons 100 guinea cup for a circular flight at 
Shellbeach. 

Paulhan made a high flight of 977 ft, at Sandown 
Park on the 6th. 



Fir.. 8a— Comledc Umliei 



Henry Farman made a new French passenger record 
on \st November at Chalons, his flight lasting i hour 
16 min. 35 sec, and followed up this achievement two 
days later by a duration record of 4 hours 17 min. 35 sec, 
covering 150 miles in all, which remained unbeaten at the 
end of the year, thus entitling him to receive the Michelin 
cup. 

Maurice Farman made a cross-country flight on his 
machine on the same day, and was in the air three-quarters 
of an hour in the vicinity of Buc 

Herr Grade was rewarded with success, and incidcii- 
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tally the Lanz prize of ^^2,000, after a long spell of patient 
work. 30M October was the actual date of the flight, when 
he covered a figure-of-8 course round two posts placed 
I km. apart. His monoplane is of entirely German make, 
and on the 3 if/ October he made several flights lasting 
just under 5 min. each. 

Hon, C. S. Rolls, on 4M November, won the first Aero 
Club ^50 prize for a circular mile flight at Shellbeach on 
his Wright machine. 

Mr A. Ogilvie, on his Wright machine, made his first 
successful flight on the loth November, at Camber, near 
Rye. 

Lieut. Engeihardt, one of the German pilots of a 
Wright machine, made a trip lasting i hour 53 min. at 
Bornstedt on the 5///, and only came down on account 
of his petrol supply being finished. 

Mm'e: de la Roche made a flight on a Voisin biplane 
■fitted with a Wolseley engine, taking as a pa-ssengcr the 
Voisin" instructor, M. Chateau. She made several circuits 
■of the Ghalons camp, and was in'the air for 35 min. 

The Hon, C S. Rolls made some long flights on his 
Wright machine at the end of November. On the 20/A 
he rflddeia tUp from Shellbeach to Eastchurch, a distance 
of si miles, and followed this flight by one of 7 miles on 
the 26tk. 

Latham - made a bid for the altitude record on ist 
December, in spite of a wind of 30 miles an hour blowing. 
He was in the air for 32 min., and attained a height of 
1,500 ft., officially observed as a world's record. Paulhan's 
600 metre height was not officially observed. 

M. Chateau, the Voisin instructor, has made several 
good flights with the Wolseley engined Voisin machine 
ill which he accompanied Mme. de la Roche. On 27/A 
November his longest flight was 49 min. 35 .sec. 

Herr Grade improved his performances by flights on 
23rrf November, lasting up to 5 min, each, and at one 
time he rose to a height of 140 metres. 
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During the early part of December British aviators 
obtained piore satisfactory results. 

Mr A. V. Roe at last succeeded in leaving the ground 
at Wembley on his triplane. At Eastchurch Mr Rolls 
made a journey of 20 min. duration, and Mr Ogilvie at 
Rye made several flights of 15 min. in his Wright machine. 

A fatal accident occurred to M. Fernandez on 6th 
December at Nice. He was flying a biplane of his own 
design, shown at the recent Paris Salon. The machine 



Fl<;. 81,— Mr A. V. Rw's Triplane at WemMey. 

suddenly stopped in the air and fell from a considerable 
height, throwing out the aviator, who was instantly killed. 

Mr Neale made a flight on the ^tk the length of the 
Brooklands straight on a Bl^riot machine ; he had previ- 
ously made several short flights. He attained a height of 
about 1 5 ft. and landed quite easily. 

On <j^h and \ith December Mr Claude Grahame-White 
made several good flights on his large two-passenger Bl^riot 
monoplane at I'au. He was able, owing to ample engine 
13 
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power, to control the machine from the first He flew 
round the track five times on the 13/A, rising to a 
height of 30 metres. The next day he made an officially 
observed, flight twice round the course at a height of 70 
metres. 

M. J. de Lesseps made a remarkable flight for a beginner 
at Issy on 16M December, lasting i hour 30 min. 28 sec., it 
being only his fourteenth time out with his Bl^riot mono- 
plane ; this was a record flight for a machine of this type at 
Issy. He covered 7 km. in 12 min. the previous day. On 
the 2\st he attempted a cross-country flight of lOO km., 
but after covering 6\ km. he had trouble with his engine 
and made a rapid descent. 

Paulhan, on the 15/^, made a remarkable weight lifting 
performance with a new Henri Farman biplane. Although 
the machine is smaller than his older machine he carried 
two passengers, weighing together 330 lb., also 10 gallons 
of petrol. 

Molon, on the \gth, near Havre, made a number of 
flights on a Bl^riot monoplane, totalling a distance of 
60 km. across country. 

Koechlin, at Juvisy, showed marked improvement with 
a monoplane of his own design on the 16//^, when he flew 
round the course ten times. 

Mdlle. Marvingt is the first woman to pilot a monoplane. 
On a Hanriot machine at Rheims she made a successful 
flight on the 14///. 

M. Metrot, a new-comer, has had much success with a 
Voisin biplane at Algiers. He made a cross-country trip on 
the \^tk as far as Hilda, 3 km. distant, and making a wide 
.sweep at a height of 150 metres, returned to his shed after 
a total flight of 20 km. He had previously raced and 
beaten an express train for a distance of 7 km. 

Hon. C. S. Rolls made his best flight during the year on 
the 30/A insl., when he started from Eastchurch, Kent, and 
with one stoppage covered in all about 48 miles. He was 
flying for about an hour. Later in the day he made a 
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second flight on his Wright machine, carrying a passenger, 
for about 20 min. 

Mr M'Clean made his first cross-country flight of about 
4 miles on the same day. An illustration of his Wright 
machine is shown in Fig. 71. 

Several aviators made attempts to wrest the Micheh'n 
cup chances from Farman during the last week of the 
year, and though several notable performances were made, 
Farman's distance record remained unbeaten, and thus left 
him entitled to receive the cup he so well deserves. The 
late M. Delagrange made the boldest challenge on a Bl^riot 
monoplane when he covered 125 miles in 2 hours 32 min,, 
representing an average speed of 50 miles per hour, a truly 
noble performance and a sight well worth seeing. 

The world of sport suffered a severe loss by the fatal 
accident which terminated the brilliant performances of 
this daring aviator a few days later — he had fitted a 50 
H.P. Gnome engine to his Blt^riot machine and was thus 
able to attain a high speed of flight. During one of his 
performances the sides of the fusilage collapsed owing to 
the absence of the cross strut between the rear main spars 
of his lifting planes, the machine fell to the ground with 
fatal result. 

The fatal accident to Le Blon at St Sebastian on 
2nd April 1910 was occasioned by a fall of the same 
machine on which Delagrange was killed. Le Blon's 
flights at the Doncaster meeting in October 1909 were 
his chief public performances. 

On the last day of the j-ear Maurice Farman made a 
cross-country flight from ChStres to Orleans (47 miles) in 50 
min.; thus ended a series of the most remarkable conquests 
ever made by man over Nature, and it may be that the 
year 1909 will go down to [losterity as the beginning of a 
new era in the art of aviation. 
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THE ART OF FLYING. 

If flight is ever the height of impos-tibility at the present 
time, it is simply because the correct method of attacking 
the problem is not realised. One cannot learn to ride a 
bicycle on land, or to swim in the water, simply by a theo- 
retical study of the laws of balancing, or of stream-line 
form. Practice is the only road to success, and more is this 
true in the case of flight than in many other sports. 

Take boxing, for instance, or wrestling. Great know 
ledge i.s rc(|iiircd as to the efficac\' of certain grips or stresses 
upon the human sy.stcm produced by specific acts on the 
part of the athlete. Some knowledge of-thc human anatomy 
is required, and the weak points of the same, so that advan- 
tage may be taken of any position in order to score a jxiint. 

In the sport of aviation, however, although mastery of 
the air is only attained by verj' few, several of these suc- 
cessful aviators do not claim any special knowledge of the 
science of aeronautics, and it is practice and perseverance 
which have led them on to obtain this mastery of the art 
of aerial navigation. 

Practice, however, is more unattainable in this art than 
in any other, because it cannot really be accomplishcfl until 
the machine is actually in the air. The periods of early 
practice are limited, therefore, to a second or two at a time, 
and in the early stages a flight of one minute, as the 
reward of a month's hard work and endeavour, would 
appear to be somewhere about an average attainment. 
When we look back to the early work of the Wright 
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brothers, we find that during a period of several years the 
total time they spent in the air could be counted in minutes 
only. The 1903 season, in which they made their most 
successful glides, enabled their proficiency to be increased 
to such an extent that glides lasting as long as twenty-six 
seconds were accomplished, and during their most satis- 
factory period of six days as many as 375 glides of various 
distances were accomplished. There is no doubt that the 



t'li'.. Si2. — The Glider wiis Conveyed Sevenly Mile:i in ihe Early Morning 
—Arrival at ihe Flying Ground— the Author's Car luwing the Out- 
rider nnd Supplementary I'lnnes. 

best method of obtaining practice is by gliding, and botli 
Messrs Rolls and Ogiivie in this country put in some very 
good work with gliders. 

Mr Ogilvie's glider was made by T. W. K. Clarke, of 
Kingston, to the designs of the Wright brothers, by their 
s[)ecial permission, and a number of views of this glider are 
given in this book, showing the early stages of the gliding 
experiments. 
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It is difficult lojmagine the extraordinary loss of one's 
sense of will power during the early attempts at flight. Mr 
Rolls has described the initial sensations as those received 
in driving a motor Qar which is skidding in all directions at 
once. In addition, however, to the ordinary tendencies to 
movement, there are the third and fourth directions, i.e., 
upwards and downwards, and the human brain is not 
normally made to think in these extra two directions. 



Flc. 83.— Sptcial Temporary Hanjpr for Biplane Glider. This Machine 
has a Span of 33 ft. 

Thinking, therefore, is too slow ; the transmission of ideas 
from the brain to the limbs has not been tuned up to the 
great pitch required for manipulating an aeroplane. What 
is it, therefore, that impels the limbs to perform their 
proper functions in order to keep the machine on an even 
and straight course? We have only one word which de- 
scribes that power, and that is "instinct," or put in another 
form, it is " subconscious movement." We now see why 
the control of so many machines is arranged so that this 
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subconscious movement on the part of the aviator directly 
operates the balancing mechanism. There is no time to 
think, especially in the early stages. Not only is there no 
time to think, but memory disappears. You may ask, 
"What did you do then?" The aviator does not know, 
and unless the observer notices the movement of the hands, 
or takes photographs, no record is obtained as to what was 
the false movement which caused the machine to slew 



Fm. 84.— Biplane Glider and Slarting Rail. 

round or come to the ground. The control of the hands, 
too, is a difficult matter, as a spar may unconsciously be 
clutched in mistake for an operating lever, or the elevator 
be raised to such a degree that the machine climbs up in 
the air, loses its velocity, and falls back on its tail. 

This is a very usual performance in the early stages and 
one to be carefully guarded against, it is analogous to 
putting a motor car at a stiff hill when in the tup gear 
before the driver has learned to change gear downwards. 
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It is worse than that, because a flying machine cannot fly 
backwards. 

When a machine rises from the ground, preferably 
towards the wind, whether it be from a rail or not, its path 
of flight should be a gradual upward inclination, but this is 
most difficult to accomplish owing to the keenness of the 
elevator, the tendency always being to give the elevator 
too great an angle of incidence. 

Take the case of a monoplane first, the machine perhaps 
has two wheels below the main planes and one iaelow the 
tail. As soon as velocity along the ground is acquired the 
tail first rises; when soaring velocity is reached, the elevators 
are raised at their rear edge, thus depressing the tail ; the 
action of raising the trailing edge of the elevators causes 
the wind pressure to come on the top of them or to be so 
slight beneath them that they fail to sustain the weight 
of the tail. 

The efl^ect of this is to increase the angle of incidence 
of the main planes, which in turn rise in the air, the tail 
continuing to run on its wheel for a short distance until 
the whole machine is supported by the air. In the Wright 
type of biplane the elevator being in front is kept level, thus 
keeping the fore part of the machine down until the critical 
velocity is reached, />., when the machine leaves the end 
of the rail (when a starting weight is used) or just before 
that point when starting by the propellers alone. At this 
moment the front edge of the elevator is rai.sed and the 
trailing edge consequently lowered a very small amount, 
thus causing the machine to mount in the air. 

Now the difllicult point comes in. At this stage perhaps 
the maximum velocity of flight has not yet been reached, 
and care should be taken that the rising angle is small, 
otherwise the power of the engine, which may not have yet 
reached its maximum, would not be sufficient to cause the 
machine to ascend an inclined path at the soaring speed. 
If the speed of flight is reduced by the increased resistance 
the whole machine will slide back in the air. Suppose 
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that the machine has just left the rail and the elevator is 
put up at too great an angle, the rear end of the skids 
might drag along the ground, and if they do not break off, 
would cause so much resistance that the machine could not 
attain its normal soaring speed. When starting the Voisin 
machine, which has a large tail, another consideration 
comes in. The tail being comparatively light tends to lift 
before the main planes, and if allowed to do so the whole 
machine may turn up on its nose. In order to counteract 
this tendency the elevator must be raised so as to keep 
sufficient pressure underneath it ; the moment of this pressure 
about the centre of gravity of the machine must be at least 
equal to that of the pressure under the tail planes about the 
centre of gravity of the machine, or the tail will rise unduly 
in the air. 

Mr Moore-Brabazon describes the feeling when the 
machine leaves the ground as being almost imperceptible, 
and that whereas a speed of 30 miles an hour along the 
ground appears to be very great, that same speed, when 
clear of the ground, seems quite a gentle motion, and that 
when no objects are near to indicate the speed, the sense 
of motion is almost lost. 

The difficulty as to approximating the degree of 
relative motion is a very real one, and a persevering aviator 
resorted to the precaution of attaching a hanging ribbon 
from his elevator so that he might ascertain readily his 
direction of motion relatively to that of the wind. He 
found this a most useful indicator. 

Another consideration must be borne in mind when 
learning to pilot a monoplane of the BltJriot type, and that 
is the effect of engine torque. As the engine rotates in 
a right handed direction from the point of view of the 
pilot, the left wing tends to rise in the air owing to 
the depression of the right side of the machine. The 
aeroplane when in motion tends to turn to the right, and 
this must be counteracted by putting the rudder hard over 
to the left. 
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The aeroplane answers comparatively slowly to its 
control, with the exception perhaps of the Wright machine 
which has no tail, all control movements must, therefore, be 
very gentle as the behaviour of an aeroplane is more like 
that of a boat than of a motor car. The action of the 
elevator has been described and is perhaps the most 
difficult of the controls to manipulate, in that it requires the 
exercise of a new sense. The rudder, however, is a more 
familiar type of control, and in action is similar to the 
rudder of a boat. 

Regulation of the centre of pressure is obtained, as far 
as longitudinal direction is concerned, by use of the elevator, 
but laterally by ailerons or warping of the planes. In the 
Voisin machines, where neither of these provisions is made, 
the rudder has to be utilised so that the velocity of the air 
under the falling side can be increased by turning the 
machine. 

The static balance of the machine should be carefully 
tried before commencing to fly, and particularly that of the 
biplane of the Wright type, in which the engine is placed 
beside the aviator. When provision is made for carrying a 
passenger, his seat is placed on the centre line of the 
machine, so that his presence or absence does not materially 
affect the question of lateral balance. As men are not all 
of the same weight, in cases where the aviator only partly 
balances the engine about the centre line, if his weight is 
insufficient for the purpose, weights should be placed on the 
wing tip at the lightest end until true balance is secured, 
otherwise a permanent gauc/ii'sseineni is required at that side 
in order to keep the machine on an even keel. 

Centre ok Gravity and Centre of Pressure. 

In aeroplanes fitted with tails the centre of gravity is 
usually in the vicinity of the trailing edge of the main 
planes, and, of course, should be on the centre line of the 
machine. The centre of gravity of the aviator on a mono- 
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plant! should approximately coincide with that of the 
machine, if this is not the case the stabiliser or elevator 
must be permanently set to produce longitudinal balance. 
Much downward set or increase of angle of incidence of 
this tail member will create undue resistance to flight, and 
should be avoided where possible by putting the weight 
further forward. The centre of pres.sure should coincide 
with the centre of gravity, and balance will result (sec p. 1 5). 



Fui, S6.— Biplane GliJcr showing Ganchisseuicnt. The Aiilhor and Mr 
A. Ogilvit iL-sling the Balance. 

Now although the centre of gravity remains approxi- 
mately constant, the centre of pressure is continually vary- 
ing and is never constant for many seconds. The centre 
of pressure upon an acrocurvc constructed to Phillips' 
design is about one-third of the length of the chord from 
the leading edge of the plane under normal conditions, />, 
when the angle of incidence is about S between the 
direcliiin of motion of the plane and that of the air. 

Immediately this angle is increased the centre of 
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pressure moves towards the rear, and vice versa when the 
angle is decreased up to a critical value, so that either the 
centre of gravity must be moved to coincide with this new 
position or the centre of pressure must be artificially 
restored by the use of supplementary damping planes or 
elevators, moving in a contrary direction. A forward 
movement of the centre of pressure tends to lower the tail 
of the machine, when the intensity of the pressure is 
unchanged, and to counterbalance this a rear elevator 
must iiave its angle of incidence increased in order to 
increase the lift at the rear of the machine, or it will slide 
down backwards. 

The alternative to be adopted in the case of temporary 
lack of engine power is to decrease the angle of the elevator 
and allow the aeroplane to swoop downwards and thus gain 
momentum. The increase of speed will then probably be 
sufficient to enable the machine to continue in horizontal 
flight, when the centre of pressure is again restored to its 
normal position. 

Gauchissemetit. — An increase of lift imparted to one 
wing of the machine is produced by increasing the angle 
of incidence of the whole or part of the wing or by an 
increase of pressure under that wing, and will tend to 
cause that side of the machine to rise, and the other side 
to lower, the result being that the machine will be liable 
to slide through the air diagonally. In the majority of 
aeroplanes there are no curtains or fins to counteract this 
movement, and lateral stability must be restored by arti- 
ficially increasing the lift of the depressed wing. This can 
be done hy _^auchisse'iient or lowering the trailing edge of 
the depres.sed wing, increasing its lift, and .simultaneously 
rai.sing the trailing edge of the other wing, thus decreasing 
the angle of incidence of the latter, and reducing its liriing 
effect. This applies to flight on a straight course whatever 
the cau.se tending to upset the lateral stability. It will be 
seen, therefore, that the centre of gravity remains omstant, 
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and the centre of pressure must be manipulated to restore 
stability. This manipulation is much more rapid and 
positive than the alteration of the centre of gravity by 
movement of the aviator's body resorted to in the early 
gliding experiments of pioneer aviators. 

Turning. — When turning is desired the same train of 
thought must be followed, but it is obvious that when a 
turn is actually commenced by means of the rudder, the 



ic Starling Pylor 

outer wing moves at a greater velocity relative to the air 
than the inner wing. Owing to this increased velocity, the 
lift of the outer wing becomes greater than that of the 
inner wing ; the former, therefore, tends to rise, and the latter 
to fall. If this is not corrected, the machine as a whole 
will bank up excessively and in the limit will slide down 
on the air in a diagonal direction. This is a very perilous 
condition for the aviator, and must be guarded against, by 
manipulating the gancltissemcnt so as to increase the lift 
on the inner wing of a biplane. (Note. — Great care must 
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be exercised with a monoplane, as warping the inner wing 
tends to drag the whole machine downwards, and not to 
raise the inner wing. Several bad accidents have occurred 
owing to monoplanes refusing to respond to the warping of 
the inner wing when making a turn. In such machines the 
rudder must be judiciously used to bring the machine up 
on an even keel if such a condition is required.) 

Owing to the absence of side curtains or fins in many 
instances, lateral resistance must be obtained, otherwise 
in the act of turning, the machine, if kept on an even keel, 
will tend to skid through the air and turn about its centre 
of gravity, and to emphasise thi.s, we will take an analogy. 

In a boat the resistance to lateral displacement is 
great, as compared with that in a longitudinal direction, 
and so with a motor car, though on a greasy surface the 
lateral resistance may be small, as when the, wheels skid 
sideways. A suitable banking of the road surface will 
prevent this skidding. 

There is a great deal of misconception as to turning 
with a machine in which there are no vertical surfaces or 
fins, and many authorities maintain that banking of, the 
machine is only the direct effect of the turn. It is.obvjous 
that in order to make a turn, some force must be impiirted 
to the machine to counteract the effect of the centrifuj:;al 
force upon the machine as a whole, and as the sidewise 
projection of the machine is only of small area a com- 
ponent force must be introduced. This can only be done 
by previously banking up the machine on the outer wing, 
so that the pressure of air under the main planes can 
counteract the tendency to lateral displacement. The 
force now acting under the planes is in a diagonal 
direction, and the angle at which it is inclined to the 
vertical depends on the banking of the planes, it being 
normal to their greater dimension. 

Now this force can be resolved into two forces, one 
perpendicular, and one horizontal, the magnitude of each 
being dependent upon the degree of the banking. When 
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the speed of the machine is higher, the amount of banking 
must be greater in order to increase the value of the 
horizontal component in proportion to the increase of the 
value of the centrifugal force at the higher speed, in spite 
of the fact that the forces acting under ^e plane are also 
greater due to the higher speed. 

As the curve commences, the rudder being put over, 
the differences of the pressures on the two wings owing to 
their different flying speeds comes into account as has 
been already explained, and care must be taken that the 



Fin. 88.— Navnl Glider. 

banking does not increase abnormally. When the turn is 
completed, the rudder is straightened and the machine 
again brought to an even keel by means of gauchissement 
or the ailerons. 

The effect of a reverse of gauchissement to prevent 
excessive banking, lowering the inside wing tip, incidentally 
puts a slight drag on that wing and assists the action of 
turning, as doe.'? also the provision of small vertical planes 
between the front elevators of a Wright machine. 

In making a turn, say, to the left, the following is the 
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method of procedure. The outside or right-hand wing is 
first raised by lowering the aileron on that side, the rudder is 
then put over to the left. When the correct banking is 
acquired, the aileron is returned to its normal position, and 
probably the left aileron must be lowered slightlj', to increase 
the lift on the inside wing, owing to its reduced speed, When 
the turn is completed, the rudder is straightened out and the 
left aileron lowered to return the machine to an even keel, 

M. Esriault-Pelterie manges ordinary manoeuvring by 
means of gamhissement only and without the use of the 
rudder. Such a form of control has also been demonstrated 
by Curtiss in America, who made an exhibition flight with 
his rudder tied up. 

Turning in a Wind. — ^Tvvo velocities must be borne in 
mind, that of the machine relatively to the air, and that 
relatively to the earth. The former is limited at its lower 
value to the flying speed of the machine, and the latter 
must be considered on account of the momentum of the 
machine as a whole. Change of momentum is a matter 
of horse-power and time, and it is this that is the ruHng 
factor in flying in a wind on a circular course. 

Suppose the flying speed of a machine i.s a minimum 
of 30 miles an hour relatively to the air, and a wind of 
20 miles an hour is blowing. The actual speed of the 
machine relatively to the earth in flying against the wind 
will be 10 miles an hour. 

If it is desired to turn down wind, the speed of the 
machine relatively to the earth must be increased from 10 
miles an hour to 50 miles an hour relatively to the earth 
during the turn— and a corresponding change of momentum 
must be overcome. There are two ways of accomplishing 
this, cither by opening up the throttle to give maximum 
power or by rising in the air previous to turning and 
swooping down as the turn is made, thus utilising the 
acceleration due to gravity to assist the motor. The wind 
velocity will assist the machine also, as during the turn 
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she will make considerable leeway, a small amount of 
which must be deducted to counteract the centrifugal force 
of the machine. 

Turning in the contrary direction requires considerable 
skill, as when flying at 50 miles an hour the tendency on 
rounding the corner into a 20 mile an hour wind would 
be for the machine to rise up rapidly in the air. The 
centrifugal force, too, at these speeds is considerable, causing 
the machine to make much leeway with the wind during 



Fig. 89.— Mr C^lvie makes a Fine Glkie. 

the turn. Turning under the.se circumstances should be 
commenced early, particularly if there are objects in the 
vicinity, and considerable skill should be acquired before 
an attempt is made to fly in such a wind. 

Early flights should be commenced when the air is 
practically still, as it will be seen that difficult problems 
present themselves when a wind is blowing, particularly 
with heavy machines, and in cases where the engine power 
is comparatively small. 
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CHAl'TER XVI. 

FUTURE DEVELOPMENT. 

Hk wuiild be a wise man indctMJ who could predict with 
any decree of accuracy on what lines the future develop- 
ment of aerial navigation will extend. Such enormous 
strides have been made in the year 1909, that during the 
next five or ten years, at the same rate of progress, per- 
formances which are almo.st inconceivable at the present 
time, may be everyday occurrences then. Authors of 
imaginative genius have given us food, for thought, and 
some of their conceptions which appeared to be totally 
impossible at the time they were written have already 
become accomplished facts. Even the comparatively 
small practical experience of flying which we now have 
must have instilled ideas into our minds as to what 
direction should be sought in the future. The possibilities 
of aerial navigation, too, become greater the more we study 
the question. 

As regards the development of the flying machine 
itself, the opinions about to be expressed are only those 
of the author, and are quite open to contradiction or 
argiunent, and are, moreover, in no way given as dogmatic 
or irrevocable. 

Power. — The first consideration is one of power, and 
1 sincerely advocate the adoption of prime movers of 
considerably higher power than those usually in vogue 
to-day, these will probably be in duplicate. The great 
difficulty which the learner experiences is the lack of 
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sufficient power, which makes itself manifest in the inability 
of the machine to rise from terra firma. We find that 
when a machine attempts to rise too quickly as when 
its angle of flight is too great, owing probably to a false 
manipulation of the elevator, the engine power is insuffi- 
cient to maintain a flying speed. The machine, therefore, 
falls to the ground, or a second manipulation of the 
elevator, in time, prevents an actual fall, and reduces the 
performance to a rapid glide to earth. 

Had sufficient power been available at the command 
of the aviator, this would not have occurred, and a con- 
tinued flight would have been possible. 

Many modern flying machines are fitted with engines 
so small that they cannot rise from the earth unless the 
engine is tuned up to give its maximum output As 
the internal combustion engine is somewhat fickle in this 
respect, it becomes apparent why an engine of ample 
dimensions should be fitted. 

Source of Power. — The source of power will be, as 
at present, a petroleum distillate, probably petrol, as we 
now know it. 

Benzol, or alcohol, may be used in a few instances, or 
perhaps compounded fuels with these bases. Petrol, how- 
ever, is the most convenient, it has a large explosive 
range, and is clean in handling. 

Greater precautions against fire risks will have to be 
taken, and more attention paid to the economy of working. 

The consumption of fuel will probably be reduced 
to below o'4 pint per B.H.P. per hour, and as the weight 
of fuel to be carried for extended flights would be con- 
siderable, the probability is that arrangements will be 
made for picking up supplies of fuel in cans without 
alighting, but more on this point anon. 

More attention will be paid to carburation in order 
to economise fuel, not on the score of expense so much, 
but on account of the weight of the fuel ; devices will 



iy Go Ogle 



AVIATORS' INSTRUMENTS 213 

be utilised to alter the carburation to suit the varying 
atmospheric conditions such as temperature, density, and 
humidity. 

Gyroscopic control will probably be introduced and 
arranged in such a manner that it can be readily discon- 
nected at will. 

Ignition will invariably be in duplicate, and I have 
every reason to believe that at least two magnetos will 
be employed in conjunction with high tension distributers 
in duplicate. These magnetos will be either encased in 
a complete external magnetic field, or other .similar 
arrangements adopted to prevent their affecting the com- 
pass which will be carried on every flying machine. 

Other instruments will t^e carried to indicate the 
speed of the machine relatively to the air and to the 
land, a special aneroid to determine the height of the 
machine above sea level which can be set to read directly 
the height above the surrounding country by a momentary 
reference to a chart. 

An engine or propeller revolution indicator will also 
be fitted, and probably a gradometer or similar instrument 
to read the angle of the flight path. 

Probably also an instrument will be devised which 
can readily be set so as to enable the aviator to drop 
an object on to any desired spot, this will combine 
readings for altitude and speed of flight relatively to the 
earth, and make an allowance for any wind velocity. 

A convenient form of field glasses will also form part 
of the equipment of the future flying machine, and a 
means of universal signalling by day and night will 
become a sine qua non. Special maps will be produced, 
and the country landmarked, probably the different 
counties will have special indications in the form of large 
structures, and it has been proposed that some notation 
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such as that used for the county index marks of motor 
cars will become generally adopted. 

Flying at high altitudes will have to be facilitated 
by some such means as these, in order that the aviator 
can locate his position. Balloonists have repeatedly 
found great difficulty in ascertaining their whereabouts, 
particularly after descending through a cloud bank. 



F]i;. 90.— 65 Cenlimelrc Ceiiiian (iun for AlUcking Acn>[jliines. 

Aviators. — We now see how es.sential it will be for at 
least two aviators to be accommodated on each machine, 
especially for cross-country work. It will be the duty of 
one to manipulate the machine, and that of the other to 
navigate. The former will have sole command of the con- 
trolling mechanism, and the latter will attend to the engine, 
in addition to his other duties of observation. 
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I think that more than two men will form the crew of 
the future flyer, and that passengers will be carried, in the 
first instance in order to perform special work, such as 
location of troops and defences, and also to make rough 
sketches and take phott^raphs of the country. 

It is probable that some form of wireless tel^raphy will 



Via. 91. — German Mllitaiy Motor Car for fitjbimg Airships and Aeroplanes. 

be adopted for military work in conjunction with flying 
machines, and it would be the duty of a third man to 
operate these instruments. He may also be required at 
times to act on the offensive, such as to alight at any 
desired s|x>t and cut telegraph wires, or destroy a bridge. 
It is doubtful whether aerial bombardments could be satis- 
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factorily carried out, as the explosive range of a bomb such 
as could be dropped from a flying machine is usually very 
small, and confined, therefore, to a small locality. The diffi- 
culty of aiming the bomb would be very great when dropped 
from such a height that the flying machine would be out 
of danger from either the explosion of the bomb itself or 
from the guns of the enemy. 

The use of the flying machine in warfare has already 
been anticipated in Germany in a practical manner, and 
a number of aeroguns have been constructed which have 
an enormous range ; several examples are shown in 
Figs. 90 to 94. 

Future uses of flyers, in addition to those of warfare, 
will be in the exploration of unknown lands. Where no 
roads exist, and dense jungles and swamps separate the 
explorer from his goal, the flying machine offers great 
possibilities.' Difficult mountaineering country can be suc- 
cessfully explored from the region of the atmosphere, and 
the rate of progress will be beyond our present conception. 
Work that has in the past taken years to accomplish will 
be a matter of a few days by the help of the flying machine. 
The motor car has been of enormous benefit in spreading 
civilisation and bringing colonists in out-of-the-way parts 
of the world into touch with one another. What the motor 
car has done the flying machine will also do, but in a some- 
what different manner. I cannot foresee the time when the 
ordinary man will keep his flying machine as he doe.-; his 
horse, but in certain parts of the world where the weather 
is more settled than it is in this England of ours, and where 
the wind blows steadily and not in gusts, flying will become 
a much simpler matter than it is here to-day. 

Engines. — The depreciation of the 1909 flying machine 
is enormous, the life of the engine is seldom more than 
200 miles, in some cases it is a very few miles indeed, and 
breakdowns or seizures are a constant evil. These are a 
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passing phase ; the motor car engine was so once, but now 
we have these engines running for 50,000 miles with no 
perceptible wear and tear. The engines now suffer from 



the craze for lightness, the machine of the future will not 
suffer from this cause. If the reciprocating engine as now 
understood still has the mastery of the field, it will be 
heavier in its working parts, and the lubrication system will 



lyCOOglC 



218 . AEROPLANES 

be very greatly improved, a more positive system will be 
adopted than at present. I foresee an entirely diRerent 
type of engine, which will be rotary, and if not of the piston 
type, we shall see the internal combustion turbine pre- 
dominating. 

I know that the difficulties are very great, but do not 
think them insurmountable. Many inventors have been 
engaged for years upon this subject, and I fully believe 
that the day is not far distant when the internal combus- 
tion turbine will be an accomplished fact. 

Its advantages will at once be apparent, and particularly 
as far as the lubrication difficulties are concerned. 

I only wish I coutd anticipate the advent of a con- 
centrated fuel for use with such a turbine, but the pro- 
bability of such a useful, desirable adjunct seems remote. 

Conclusions. — From the foregoing peeps into the 
future, one thing is certain, and that is that the future 
flyer will be a larger and heavier machine than it is at 
present — it will probably weigh at least three tons, and 
will be of the form of a flying yacht. It will probably 
have a boat body, decked in, and proper accommodation 
will be provided for living and sleeping, A crew of 
several persons will be carried, who will be able to move 
about quite conveniently. The machine will fly at a very 
high speed, such as 150 to 300 miles an hour, as previous 
reasoning has shown that these speeds are the most 
practical and economical. For this reason the sustaining 
surfaces, when in full flight, will be small, but the area of 
sustaining surfaces will be variable, so that diflerent flying 
speeds can be accomplished, 

A large area will be used for starting, and special 
starting and alighting grounds will be prepared through- 
out the civilised countries of the world. These grounds 
will be fitted up with large starting machines similar to 
enormous catapults, which will rapidly project the machine 
into the air with reefed surfaces. The body of a future 
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flyer will be provided with wheels and skids attached to 
pneumatic suspension gear, so that a machine can be 
started from a level ground. In addition to starting 
grounds, depots or towers will be erected for storage of 
fuel and oil, and the members of aerial leagues will be 
able to obtain stores by previously signalling. A trailing 
line will be lowered from the machine and special apparatus 
will be devised for picking up stores on the same lines as 
those adopted in railway practice for picking up mails by 
a passing train. 

It may be necessary for the machine to encircle the 
depot a few times for this purpose, but such manceuvring 
will be an easy matter when the full area of sustentation 
is used. This idea can be carried out in a practical manner, 
and is not a merely mad anticipation. 

The sustaining planes will not be made of proofed 
fabric, but probably of sheet metal, aluminium alloy or 
steel .specially treated to prevent oxidation. These areas 
will be in the form of .sliding panels arranged in the 
monoplane form. A second surface may be employed, 
which can be unfurled or unrolled from the deck, and 
attached to a movable framework of spars in a similar 
manner to the setting of fresh sails in a ship— the sails, 
however, will be in a horizontal instead of a vertical 
plane. 

With regard to direct lift from the ground, this would 
be a very desirable feature if it could be reasonably accom- 
plished, and it may be possible to fit vertical lifting pro- 
pellers whose action would be to raise the machine to such 
a height that the machine could then be started to glide 
back to earth, and thus attain sufficient momentum to 
enable it to continue in straight flight by means of its 
ordinary horizontal propellers. If this static control in 
the air became an accomplished fact, many of the present 
difficulties before alluded to would disappear. For instance, 
it is difficult to make observations or take one's bearings 
at high speeds, the brain does not act quickly enough ; 
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if the speed could be reduced by the addition of lifting 
screws, much more favourable conditions could be obtained. 

Safety lies in high speeds, as long as we are at the 
mercy of the elements we must, in order to be safe from 
their interference, make our conditions superior to theirs. 
A high wind can only be safely negotiated by a still 
higher speed of flight. 



Fig. 93.— German Military Mnloi Car for Attacking Tiuops anil Airships. 

Then there is the effect of lightning, the danger is not 
great on account of the small capacity of the machine and 
its occupants. An electrical discharge will in all proba- 
bility pass to a much larger object. There is, however, 
the danger of setting fire to the petrol if there happens to 
be a leakage, but naturally this would be avoided in any 
event. 

Safety in flight of the future machine will be practically 
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Fici. 94. — German Gun for Attacking Ainihips, to be 
Mounted on board Ship ot at Ftoniier Defences. 

as great as that of a ship at sea. it will only be in 
landing that difficulties will occur, and proper places 
being provided for this purpose, the risks will be mini- 
mised. 
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Uses in war have been briefly touched upon, but the 
chief importance will be attached to the flying machine 
for reconnaissances and raids, and carrying dispatches. 
These machines will fly at any altitude, below the clonds 
when obtaining information, and above them when escaping 
from the ob^iervations of the enemy. In case of fog the 
flyhig machine can skim over the surface of the earth 
without much risk, and by means of its instruments can 
penetrate through a fog when the contour of the country 
is approximately known. A scout mounted on an 
aeroplane is in a far superior position to when mounted 
on a horse, he has a better point of observation, and can 
more rapidly approach or retreat from the enemy with less 
danger of being hit. An officer commanding troops will 
b(? able to ascertain not only where the enemy lies, but also 
his strength, and what is at his rear. He could aiso locatu 
his fortifications, and signal to his own base by means of 
wireless telegraphy. In naval work the flying machine 
will be unsurpassable, owing to its portability it can be 
carried on board ship, and should any accident happen 
it will float on the surface of the water until picked up 
by a boat. 

Its speed of flight will make it an extremely diflicult 
target, and when carrying several men, considerable damage 
could be done by such a machine dropping explosives 
when flying over a hostile fleet. 

The starting of a high-speed flying machine from the 
deck of a .ship may appear to be a difficult problem, but 
could be accomplished either by the direct lift method or 
by projection from a jineumatic tube, the tail of the machine 
being provided with a piston for this purpose. 
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GLOSSARY OF TERMS EXPLAINED. 

In any new industry the question of terms and the settle- 
ment of definite names for certain articles or ideas is of 
great importance. Confusion only results from want of 
uniformity in description of the same article by different 
workers who choose to give different names to the same 
thing. From the earliest ages every object has had a 
name, so as new species are discovered or new inventions 
made, names are applied. 

Flight being a science of modern general interest, 
though of ancient origin, requires standard terms for 
application to its recognised conceptions and arrangements. 

Throughout this little work the author has endeavoured, 
where possible, to utilise the following terms, which are 
based in many instances on nautical terms when the parts 
bear some similitude. 

Main Planes, being the supporting surfaces of the main 
weight of the machine. These are called " decks " by some 
authorities, this latter term being the nautical similarity. 
" Main plane " is perhaps a more usually recognised term 
and fits in well with the popular classification of types 
such as " monoplane " and " biplane." Superposed planes 
signify an arrangement of one plane over the other as in 
the Wright, Voisin, and Farman machines, this being the 
arrangement adopted in biplane practice. Monoplanes 
usually have their main plane in front, this arrangement, 
however, causes the smaller governing surfaces to operate 
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in turbulent air, T. W. K. Clarke reverses the order of 
these planes in his monoplanes, the leading plane being 
the subsidiary plane and the main plane being at the rear. 
, It is claimed that the effect of the turbulence of the air 
is only slight on the larger main plane. 

Supplementary planes or surfaces signify all the addi- 
tional surfaces which are utilised for stabilisation. These 
generally consist of the elevator, the rudder, the curtains, 
the fin, and the ailerons or balancing planes. 

Aerofoil is a more satisfactory term to use than plane 
for indicating a lifting surface. Main surfaces are not 
scientifically " plane," and as modem practice employs the 
arched aerofoils, which are much more efficient, main 
planes are, strictly speaking, aerofoils. 

Elevator is a principal supplementary surface, usually 
of a miniature form of the main planes. The elevator, as 
its name implies, is for the purpose of altering the vertical 
direction, of the machine. For this purpose the elevator 
as a whole is either hinged at one edge or about some axis 
at right angles to the direction of flight. 

The elevator is placed usually in front of the main 
planes as in the Wright and Farman machines of the 
biplane type, but monoplane design usually places the 
elevator at the rear, either combining its motion with that 
of the tail, about an universal joint, or allowing it to have 
an independent motion. 

The elevator supports part of the weight of the machine, 
though it is not a definite point whether the weight it bears 
is in proportion to its area as part of the total sustaining 
area. When the elevator is in front of the main planes 
and its angle of incidence is the same as that of the main 
planes, the probability is that the lifting power of the 
elevator is in proportion to its area, and the intensity of 
lifting effect equal to that upon the main planes. When, 
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however, the elevator is at the rear, the turbulence of the 
air must affect the intensity of pressure on the elevator 
surface. 

The inference is that a front elevator would be more 
effective than a rear one. 

Elevators may be either of one or more planes, there 
being no fixed rule for this ; also in some machines the 
elevator is divided along its chord, the two halves being 
independently operated. The idea of this independent 
control is that manipulation of such an elevator may be 
utilised to restore lateral displacement of the machine as a 
whole. The use of the elevator involves a conception on 
the part of man which is entirely new, that is, his possibility 
of motion in a vertical direction. This has not previously 
been attainable in any other instrument of mechanical 
locomotion, except in the submarine. We cannot be 
surprised, therefore, that correct manipulation of the elevator 
is somewhat diflicuit at 6rst. 

Rudder. — One or more rudder planes are invariably 
fitted to. practical flying machines in order to control the 
direction of flight. These surfaces are set vertically, 
and are placed at the rear of the machine. Rudders 
may be either single or duplicate planes, hinged at their 
forward vertical edge and controlled by wires in the 
manner employed in marine practice. The distance 
between the rudders and the main planes must be within 
certain limits in order to give practical effect to the machine 
in turning, otherwise there would be a lack of sensitiveness 
about the control. When duplicate rudders are fitted they 
are attached so that their movements synchronise. 

In some machines, notably the Wright, two small half- 
moon shaped fixed vertical planes are placed between 
the elevator planes at the front of the machine, their object 
being to assist the rudders by giving lateral resistance to 
the nose of the machine when the rudders at the rear are 
deflected. 
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Main Spars are the lateral spars upon which the main 
planes are built. These are usually two in number per 
plane or deck, and they act as cantilevers supported at 
their inmost ends, where they are attached to the chassis 
either directly in monoplanes and supported by guys, 
or by means of vertical "stmts" and guys in the case 
of a biplane. These main spars transmit the lifting 
effort of the main planes to the body or chassis of 
the machine. When the spars are long, as in cases of 
machines of wide span, the bending stresses in these spars 
are relieved by tension wires attached to several points on 
them, and carried down to cither the axle caps or to some 
lower members of the chassis. This practice is almost 
universal in wide span monoplanes, whereas in biplanes 
it is unnecessary, as the construction of the two planes in 
box girder form allows the tension bracing to be carried 
out between the main spars which support the upper and 
lower planes. The bracing is triangulated, and thus great 
rigidity is obtained, as it is important in biplane con- 
struction that the main spars in both upper and lower 
planes should always remain parallel to one another.* The 
main spars are usually made of wood, the forward spar in 
biplanes is generally at the front or entrant edge, and the 
rear spar some 2 ft from the trailing edge. Some con- 
structors prefer steel tubes to wood, but the latter material 
is the most suitable for attachment to the — 

Ribs which support the fabric. These are made of ash 
or spruce, and bent to the correct curves, the lower rib 
having a smaller camber than the upper one. In all double 
surfaced planes, and in some single surfaced types, one rib 
is laid above and the other below the main spars to which 
they are securely attached. Two or more — 

Webs are placed between the ribs, these being small 
blocks of wood which act as distance pieces. In order to 

* A few biplanes are arranged with arched planes, notably the 
" Cody " and the " Curiiss." 
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secure lightness these webs are drilled out in the centre 
and are fixed at their edges to the main ribs by glue. 

The Camber of the ribs is the amount of curvature 
which is imparted to them in the same way that a motor 
car spring or a road has camber or curvature. 

The amount of camber of the ribs is obtained by 
measuring the distance of the rib at any point from a 
straightedge, held to touch its two ends. The camber is 
not uniform and will be found to be a maximum about 
one-third of the distance from the leading edge. 

Stmts are used in biplane construction to maintain an 
equal distance between the two planes. The length of 
the struts should not be less than the width or chord of 
one of the planes. The struts are of oval section wood, 
and act either in conjunction with or in oppcsition to the 
stay wires in transmitting the lift of the upper plane to 
the lower one and thence to the chassis. Probably the 
struts near the centre of the machine are really in tension, 
depending of course upon the tautness of the wire guys. 
The ends of the struts are attached to the main spars in 
several ways: in the Wright machine some of them are fitted 
with steel eyes and are hooked to the spars ; they generally, 
however, fit into sockets screwed to the main spars. 

Outriggers are used to support both the elevator and 
tail. These are timber constructions consisting of either two, 
three, or four spars with wooden distance pieces, and guy 
wires fixed between them. Rigidity is secured by the 
use of the steel wire diagonals fitted with stretching screws. 

When a machine has its elevator placed in front and a 
tail or rudder behind, the main outrigger spars may be 
continuous throughout, being parallel or nearly so in plan, 
but tapering together in elevation both fore and aft. 

The front outrigger may also be a continuation of the 
sldds, when these are fitted, or built up from them. 

Great importance should be attached to the rigidity of 
a front outrigger supporting an elevator, as great stresses 
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are liable to come upon it at times, and failure would at once 
spell disaster. A front outrigger when part of a skid may 
sustain great shocks from landing and a hidden flaw may 
at any time develop. Fracture might, therefore, result at a 
most unexpected moment ; tail outriggers arc not liable to 
such great stresses, and may, therefore, be made lighter. 

Skids, as their name implies, are in the form of long 
skates on which the machine can land in safety. In the 
Wright machine these are the only provisions for landing 
upon, but in other machines these are supplementary to 
wheels. They are being somewhat generally adopted in 
modern practice, on account of their obvious utility, and 
relieve the wheels of some of the greater shocks, 

A skid is sometimes fitted under the tail of a mono- 
plane either alone or as a supplementary precaution. 

Chassis or Fusila£:e. — This is an essential part in some 
aeroplanes, but in other cases it is dispensed with, depending 
upon the arrangement for starting the machine from rest. 

The chassis is somewhat difficult to define, as in mono- 
plane construction we may designate the chassis as that 
part of the main framework to which the main planes and 
tail planes are fitted and which contains the engine and 
the aviator's seat. The chassis of a monoplane, therefore, 
comprises the framework to which the planes and mechan- 
ism are fitted and the outrigger. Biplanes are built upon 
a chassis when wheels are employed for starting purposes, 
it being a short framework supporting the axles and 
springs, the upper part forming a support for the engine. 

The Wright machine has, properly speaking, no chassis, 
as the engine is supported on heavy timbers attached to 
the main spars of the lower plane, the skids also being fixed 
to the same spars. 

The chassis may either be of wood or steel work, the 
latter material is used by M. Esnault-Pelterie, and a 
beautiful piece of construction is turned out of his factory. 
Tubes are used with diagonal cross tubes, all welded 
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together at their ends in a most workmanlike manner. 
The Bl^riot XI, type of machine has a wooden chassis 
fitted with sockets into which the main spars fit in such a 
manner that they are readily detachable. The Voisin 
machine, also, has a somewhat elaborate chassis or "fusilage " 
to support the engine and the remainder of the machine. 
Various chassis details are described under the headings of 
the several machines. 

Ailerons or fins are small supplementary surfaces fitted 
at the extremities of the main planes, sometimes as continu- 
ations of the planes themselves, and at others they are fitted 
between the main planes in biplanes. The latter method is 
adopted by Cody and in the Curtiss machine. The ailerons 
in some Antoinette models are triangular in plan, but in 
other models by the same firm they are rectangular. 

The object of these ailerons is to increase the air 
pressure under one or other wing, so that increased lift 
may be secured, for the same object as warping is resorted 
to in the Wright machine. The use of ailerons is an 
alternative to any possible infringement of the Wright 
patents,* and it is claimed by users of ailetons that they 
are more effective in their action than warping the rear 
tips of the wings. Ailerons when inclined at an angle 
to the direction of motion of the machine put a drag on 
the wing to which they are attached, and thus assist in 
slewing the machine round as a whole. As the "drift" on 
a plane depends upon its angle of incidence, any increase 
of angle increases the drift, and consequently the drag — it 
also increases the lift, and it is a combination of these two 
which produces the required effect. Ailerons are operated 
by the aviator by means of a suitable lever connected to 
them by wires in such a manner that when one aileron is 
depressed, the other is elevated in proportion. 

* The Wrighl brokers claim a patent on the use of ailerons in 
addition to the warping of the wings, but the validity of these patents 
has not yet been upheld in Europe. 
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When the ailerons project beyond the rear tips of the 
main planes, and also when they are fixed between the 
planes, these connecting wires are fairly taut, in contrast 
to the Farman system. In this latter the ailerons are 
really loose sections of the main planes, and hang down 
vertically when the machine is at rest. The connecting 
wires at once become slack. This slackness is only taken 
up when the machine is in flight, and the ailerons conform 
to the stream lines of the air. 

Side curtains are seldom now fitted. They were a dis- 
tinguishing feature of the Voisin machines. These consist 
of vertical curtains fitted between the main planes, and were 
four in number, one being situated at each extremity, and 
one on either side, a distance from the extremities approxi- 
mately equal to the distance between the two main planes. 

The object of these curtains is to give resistance to 
lateral motion, and to minimise, therefore, risk of sliding 
down through the air edgewise. These curtains are a 
fixture, and no control or motion is required. Side curtains 
are sometimes fitted to a biplane tail, thus producing a box 
formation. 

Keel.— This additional surface is sometimes fitted to a 
monoplane, the most noteworthy example being in the 
E.snault-Pelterie. Its function is similar to that of the side 
curtains. The keel is of the form of a long vertical fin 
placed in a fore and aft direction along the rear extension 
of the framework. The Antoinette machine has a smaller 
keel, but some of the monoplanes dispense with thi.s surface 
altogether. The keel is also a fixture, but its latter ex- 
tremity in some cases forms the vertical or steering rudder. 

Span is the distance from tip to tip of the main planes 
in a transverse direction to that of flight. The span of a 
machine is limited in its maximum dimension only by 
E of design and practical considerations of ease 
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of handling and strength. A machine with a large span 
becomes very cumbersome, also the effect of gusts or eddies 
at the end of a long wing produces a greater moment or 
turning effect than on a short wing in direct proportion to 
its linear dimensions. When a machine has to be designed 
in such a manner that its sustcntation per unit of area is 
small, the question of span comes into account, and rather 
than increase this dimension beyond practical limits, the 
span is divided by two, and a biplane design results. 

The question of span is also one of entering edge 
dimension, and this is most important, as the length of the 
entering edge determines to a great extent the efficiency 
of the lifting surface. This length of edge must bear a 
direct relation to the load lifted for good design, and at 
least I ft. should be provided for every 4 lb. of weight 
lifted at speeds of 40 miles per hour or less. At higher 
speeds this length may be reduced as V^ increases. • 

The length of the entrant edge loses part of its 
efl'iciency at the ends owing to a portion of the air leaving 
the two ends in a lateral direction. If, therefore, a certain 
length of edge is provided for and it is found that this 
must be divided into two, extra length must be given to 
compensate for the resulting loss of efficiency from this 
cause. It is probable that a more efficient form of entrant 
edge would be obtained by making each wing sweep 
forward towards its centre in the manner that nature has 
designed the entrant edge of the wings of fast flying birds. 

Chord is the length of the plane from leading to trail- 
ing edge in a straight line. This dimension is usually 
limited in its maximum dimension. In the Chauvi^re 
machine we find the chord exceeds that usually found, but 
this is a special design in which the trailing edge is con- 
trollable by means of cords. A variable value is given to 
the chord in this case, as the angle of incidence of the 
trailing edge can be varied. 

Supposing we have a machine with a chord of 2 ft 
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only, and an angle of incidence equal to a i in lo slope, 
at 40 miles per hour the lift will be 25 lb, per square foot, 
the thrust required will then be equal to one-tenth of the 
weight supported. 

If we fix a second and then a third plane at the rear of 
this with increasing angles of incidence the effects will be 
increased up to a limit, but beyond this limit nothing is 
gained, as the stratum of air below the plane will not be 
affected by any further increase. The only result of still 
adding surface at the rear will be to increase the skin 
friction and head resistance. 

Surfacing may be either single or double. When the 
former is employed the fabric is brought round over the 
leading main spar and sewn back on to itself again. The 
spar is therefore held in a " pocket." Other spars and ribs 
are covered with strips of fabric laid over them and sewn 
on to the main surfacing below, and are thus encased in 
"pockets" to reduce the air resistance. 

Double surfacing consists in sewing and nailing a fabric 
surface both above and below the whole of the main planes, 
an air space being left between them. In some monoplanes 
the petrol tanks are placed between this surfacing, and in 
others the wire guys are thus protected. 

This arrangement makes the main planes buoyant 
should the machine fall into the water. 

Surfacing fabrics have been dealt with in another 
chapter, but care should be taken to prevent the material 
from coming in contact with iron or steel, as oxidation will 
sooner or later result. 

Aspect ratio is the ratio of the length of span to that 
of chord, and may vary considerably. In all modem 
machines this is more than unity, meaning that the span 
is greater than the chord. The values of aspect ratios for 
various machines are given in dealing with these machines 
in detail. Lanchester terms an aspect ratio greater than 
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unity as "pterygoid " aspect, and that less than unity 
" apteroid." 

Gap is the distance between the two main planes in a 
biplane — this distance should not be less than the chord of 
the planes, or the effect of eddies will become more pro- 
nounced, and reduce the lifting effect upon the upper plane. 

Angle of incidence is the angle which a line drawn 
from the leading to the trailing edge of the plane makes 
with the horizontal. The order of this is 8°. The 
smaller the angle of incidence the greater will be the 
speed of the machine at which sustentation occurs. In- 
crease of this angle above the normal will cause the machine 
to rise from the ground, this being caused by manipulation 
of the elevator, a decrease of the angle produces a contrary 
motion. When the power acting remains the same, varia- 
tion of the angle of incidence will produce variation of 
speed, and is analogous to a motor car ascending or 
descending a hill ; the normal angle will produce horizontal 
flight when the thrust of the propeller is normal. The 
value of the angle of incidence defines the "attitude" of 
the machine. 

Glidinif angle is, as its name signifies, the minimum 
angle relatively to the horizontal, at which the machine 
will glide to earth with the power shut off. Probably the 
Wright machine has the smallest gliding angle of any of 
the well-known machines, but values of the gliding angles 
of various machines are differently quoted by different 
authorities ; about 7° or 8° is the order of this angle's 
value — it is usually equal to the angle of incidence. 

Angle of entiy is the angle which the tangent to the 
leading edge of the plane makes with a line drawn across 
the chord, t.e., from the leading to the trailing edge of the 
plane. Values for this angle are given in descriptions of 
some of the machines. 
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Trailing: Angle is the angle between the tangent to the 
trailing edge of the plane and the chord or a line drawn 
from the leading to the trailing edge. This angle is, of 
course, less than the angle of entry owing to the peculiar 
shape of an aerocurve whose camber is not the arc of a 
circle. 

The flexible trailing edge usually designed allows of 
this trailing angle being varied, and it sometimes varies 
automatically owing to increase of wind pressure caused 
by gusts. 

Gaucbissement or warping is applied to the main 
planes, and produces the same ultimate effect as the use 
of ailerons. Gauckissemetit may be of two kinds, it may 
affect only the trailing edge or the wing as a whole. In 
some machines even a further step is taken in pivoting 
the wings so that they move bodily. The Wright machine 
is arranged so that the three outer struts at the rear of 
either wing move vertically and carry the planes w,ith them, 
the front remaining stationary. The Esnault-Pelterie 
monoplane is designed so that the greater part of the rear 
of each wing flexes, an upward movement of one causing 
a downward movement of the other. The Bl^riot machine 
is arranged so that only a small portion of the wing tips 
flex. Flexibility of this kind is only really practicable in 
monoplane construction, and to a smaller d^ree in the 
Wright type of machine. The Voisin machine, however, 
is rigid, and in order to attain lateral stability steering has 
to be employed. 

Supposing, for instance, the right side of the machine 
lowers, steering to the left will increase the velocity of the 
right wing through the air relatively to that of the left 
wing. This increase of velocity will be followed by an 
increase of pressure under the right wing, and cause it 
to level up to the left wing. This manipulation is naturally 
not as sensitive as whe-re gauckissement is provided. 
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NOTATION. 

F^arca of an aeroplane surface in square metres. 

a » angle made by the surface with the direction of flight. 

/3 = the anglu made by the direction of flight with the horizontal. 

7 = the angle made by the surface with the direction of the 

propelling force. 
S = the angle made by Che direction of the propelling force with 

the horizon. 

Thea + j8 = -y + i 

/x = a special coefficient for an arched (concave) surface. 
^=a special coeflScient for a convex surface. 
Ri — the head resistance in kilogrammes on a plane surface moved 

perpendicularly gainst the air. 
R = the head resistance in kilogrammes on a plane surface moved 

obliquely against the air. 
^ = acceleration of gravity = 98i metres pet second per second. 
» = the velocity of the machine relatively to the air in metres 

per second. 
u = the velocity of the wind relatively to the earth. 
C = the velocity of the machine relatively to the earth. 
11 = the atmospheric pressure. 
P = the load. 

Q = the weight of the machine in kilogrammes. 
G = the lifting power of a surface in kilogrammes. 
T = the lifting power of a machine, i.e., G - Q. 
N = effective horse-power. 
V=the efficiency. 
« = the number of revolutions per minute of the propeller. 
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LAW OF RESISTANCE OF THE AIR 

(von Loessl), 

For velocities between zero and 50 metres per second, the 

head resistance opposing a surface moved perpendicularly gainst 

an unlimited air medium, or met perpendicularly by uniformly 

moving air is given by — 

Ri^^Fw* - - - - (i) 

The pressure on a surface moved obliquely against unlimited air — 
R=>Fi/*sina, - - - (i) 

which may be resolved into its horii'.onlal component (suffix x) 
and its vertical component (suffix^). 

.-. Ry = lFv2 sin o cos a - - (3) 

S 

Rr = 2'Fj/2sin*ci - - - (4) 

These four formulie are very accurate for all angles between 
90° and 1°, and are deduced from von Loessl's experiments, 
which showed that the resistances of small and large surfaces 
were proporiional to their linear dimensions. 

If a surface moves forward with an uniform velocity v, it 
displaces per second a mass of air Fv = q, and as this air is forced 
out sideways an equal quantity of air is displaced at the sides. 
The total weight of air set in motion is therefore — 

G = q-\-q=2yYv. 
The energy necessarj- is^ 

L = ^' = ^ = 1'F^. 

a n g 

Since L = RV, 

.-. R» = ^Fz;». 
g 
R represents the normal pressure acting on the surface perpen- 
dicularly to the face. 

The value of y, the density of the air, depends on the height 
above the sea-level, also the temperature and to a slight extent 
the humidity of the atmosphere. 
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USEFUL TABLES. 
AIR. 
Relation Between Volume and Weight, 
Ki 
I cub. metre at o' Cent, and at sea-level weighs 
I „ ., „ r.ooo metres height » 



I .• >. >. 3.0OO .t .. 

The density of the air varies with the temperature and height 
of the barometer. 

At temperature /o""°' Cent, and pressure &„= 760 mm,, the 
density ■)'o= ''^93 ^&- P^^ cub. metre, whilst at other temperatures 
and pressures /^ Cent, and 6 mm., 
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The shape of the surface affects the resistance, and the 
maximum possible value is given by the formula — 



This maximum holds t 



A' 
d when the direction of motion i 
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peq)endicular to the surface, and when the edges of the surface 
are raised, or when the forward side of the surface is concave. 

The area F must be multiplied by the factor (, depending on 
the shape of the surface. 

Values of f. 

= I if surface is concave, or if provided with edges so that 

the concave side moves forward, 
= o'83 for plane circular surface. 

„ square surface, 

„ equilateral triangle. 

„ isosceles right angled triangle. 

„ right angled triangle whose sides are as 1:4. 
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Conversion op Weights and Measures. 
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5° 


227 '17 


5° 




60 


27 -2 IS 


60 


132-28 


60 


272-61 


60 


13-2 


70 


iiS 


70 


"54 '33 


70 


318-04 


70 


15-4 




80 


176-37 


80 


363-48 

408-91 


80 


17-6 


90 


«.«i3 


90 


198 '42 


90 


90 


19-80 


100 


4S3S9 


100 


220-46 


100 


454 '35 


100 


22 -oi 



Table 


OF Wind Pressures on Normal Surfaces. 


Sp«dofWlDd, 


PranurtofWind, 


Sp«dofWind, 


Pr«BU«ofWind, 


Mil« per Hour 


Lb. per Squin Foot. 


MftTpcr Hour 


Lb. pir SquHre Fool. 


, 


0-003 


25 


'■875 






30 


2-700 


3 


OOi? 


35 


3-675 




0-048 


40 


4-800 


5 


0-07S 


45 


607s 


6 


O'loS 


SO 


7-500 


I 


0-147 


U 


9-075 


8 


0192 


10800 


9 


0-243 


65 


12-675 




0-300 


70 


14-700 




0-363 


75 


I6-87S 




0-432 


8a 


19-200 


13 


0-507 


85 


21-675 


14 


0-S88 


90 


24-300 


\i 


^?d 


95 


27-075 
30000 


•7 


0-867 






18 


o'972 






'9 


.083 






20 
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Tablb of Flving Speeds (Approximate Values.) 



Mild per Hour 


F«tp«S«ood. 


Mile, per Hour. 


F«.perScco^. 


20 


29-35 


42 


61-5 




31 




64-S 




32 '5 


46 


67-5 


13 


33 7S 


48 


705 


24 


'M 


5° 


73-34 


25 


5* 


76-75 


36 


38-25 


54 


79-75 


a: 


3975 


56 


82-25 


zS 


4' 


58 


8475 


29 


415 


60 


8S 


30 


44 


62 


9075 


31 


45-5 


64 


94 


33 


46-75 


66 


96-75 


33 


48-S 




99-5 


34 


50 


70 


102-62 


35 


5' -31 


75 




36 


5*-75 


80 


117-3 


37 


54 


85 


124-6 


38 


5575 


90 


132 


39 


57-25 


95 


139-3 


40 


58-68 




r46-6 





Properties of 


Angles in Flight. 


in Degrees. 


f^Tmgx^^t" 


SineofAnKle. 


T«ng*nt of Angle. 


1 in 57-2 


001 75 


0-01746 




„ 28-6 


0-0349 


0-OJ49 


3 


„ 190 


0-0523 


0-0524 




» 14-3 


0-0697 


0-0699 


5 


„ "l-s 


0-0871 


o-o«7s 


6 


„ 9 '8 


0-I045 


0-1050 


7 


,. 8-2 


0-1218 


0-1227 


8 


.■ 7-3 


0-139 


0-140 


9 


„ 641 


0-.56 


0-.S8 




.. 575 


0-I74 


0-176 




., S-!4 


0-190 


0-194 




„ 4-Si 


0-208 




n 


.. 4-45 


0-225 


0-230 




,. 4-13 


0-242 


0249 


IS 


„ 3-86 


0-Z59 


0-267 


16 


„ S-fi:* 


0-276 


0-286 


17 


- 3-42 


0292 


0-305 


. 18 


,, 3-23 


0-309 


0324 


19 


„ 3-08 


0-325 


0-3+4 


20 


„ 2-92 


0-342 


0-364 
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RELATIONS BETWEEN ANGLE OF INCIDENCE 
AND WEIGHT LIFTED. 

The following interesting and useful table is given by " A 
Naval Constniclor " in Flight, and clearly brings out the effect of 
skin Trie I ion- and its effL-ct upon the lifting power of a plane. 

Theoretically, the relations between lift and drift vary directly 
as the angle of incidence, and that when this angle is small the 
relation should be great. 

If the value of the coefficient C = O'oo6 in the equation — 
P = CFi/2siny, 
where P is the pressure under the plane normal to the surface, 
F = the area of the plane in square tnelres. 
If the value of/= o'ooooi in the formula — 
S=/F**, 
where S = the skin friction. 
These being values of the mean constants obtained by several 
experimenters. 

We see from the table that the drift is more affected by the 
skin friction than the lift, and that the actual lifting power of any 
plane can be increased by increasing its angle of incidence and 
supplying the necessary increase of thrust. 



*p«X'S."' 


Sq.Voi>lat6oF«( 
perS«. 


RuiooTLiriLoDHfL 
if no Kriclion. 


KalioofLiftloDrirt 
including Frioion. 


o'S 


019 


1.4-6 


St> 




038 


57 -J 


8-9 


I '5 


0-57 


38-2 






07s 


187 




3-0 . 


113 


191 


11-9 


4-0 


i"5i 


14-3 


10-6 


50 


r»9 


ii-S 


9 4 


6-0 


2 '26 


97 


8-3 




264 


8 J 


7-4 


Bo 


3 '02 


7 '2 


6-6 


9X) 


J '40 


6-4 


6-0 




377 


57 


5'5 
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In actual machines the ratio of lift to drift varies between 
5 and 9 ; if we take a value of say 7'S, the thrust must he -^, 

the total weight of the machine. 

' In a BWriot type XI. the angle of incidence is 7's°-in the 
ordinary machines, and 6° in the high-speed machines at 90 
km. an hour. 1'aking the former value, the thrust should be 
at least 80 lb. when in flight, and this is usually 180 to 200 lb. 
against a fixed point. 



THE LAMPLOUGH TWO CYCLE ENGINE. 
Plate XII. 

This engine differs from other two-cycle engines in the fact 
that the charge is pumped into the working chamber by means 
of aji ingenious and novel type of reciprocating pump. 

The working chamber unit consists of a pair of cylinders 
having a common combustion chamber, the two pistons work 
in unison and are propelled outwards by the single charge at 
each revolution, the arrangement of the cylinders being similar 
lo that adopted in the well-known Lucas valveless engine. By 
such an arrangement the fresh charge entering one cylinder at 
the end of the outward stroke sweeps out the burnt gases 
effectually, and the lengih of the passage from the inlet ports 
to the exhaust ports at the outward end of the neighbouring 
cylinder is suffigieni to prevent the fresh charge from being 
expelled into the exhaust pipe. 

In the I^mplough engine any number of charging and work- 
ing units are employed, each unit comprising a compressor 
pump and a twin cylinder, ail made in one casting. By this 
arrangement lengths of piping and passages are avoided, as it 
is owing lo the presence of these in some two-cycle motors with 
a separate pump that thermal loss results. 

It will be noticed from Plate XII. that the crankshaft is held 
in ball bearings, and that there are no valves of the ordinary 
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type, thus the engine is highly efficient mechanically and silent 
in working. The novel method of working the sliding sleeve 
of the compressor can be best understood from an inspection 
of the figure. The small end of the pump connecting rod has 
three or four teeth of coarse pitch cut upon it on either side, 
which eng^e with two racks, one formed as an extension of each 
sliding sleeve. 

Owing to the obliquity of the rod one or other sleeve is drawn 
downwards relatively to the pistoi] of the pump, while ihe other 
moves in the opposite direction. Thus a very rapid port open- 
ing is obtained, the charge is drawn from the carburettor and 
expelled through the diaphragm valve at the top of the cylinder 
into the receiver d a, ready to charge the working chamber 
when the piston descends and uncovers the port a 2. 

The lubrication of the sliding sleeves and cylinder walls is 
effected by the introduction of lubricating oil directly into the 
carburettor mixing chamber, a sight feed with a regulating screw 
is attached so that the flow of oil which is forced through it can 
be adjusted exactly. 

Oil is also pumped to the working parts of the motor and falls 
to the bottom of the crank case, is tillered and pumped b^k 
again. " \ 

The adoption of small cyhnders such as 2-inch diameter, 
fitted in four groups to the 30 H.P. engine, is a wise one for 
many reasons. A 2-inch cylinder is probably more efficient 
than any other size, also the twin arrangement permits of ample 
radiation surface. 

The cylinders and all working parts are ground to the true 
shape with the greatest care, and all the materials are of the best 
of their kind. 

This engine should have great possibilities, and for aviation 
work a simple air-cooled engine is much to be desired. The 
compact arrangement and freedom from pipes and water-joints 
are points in its favour, especially for the use of novices. A bad 
landing on the ground will not seriously derange an air-cooled 
engine, whilst it might place a water-cooled one out of action. 
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INDEX. 



Action of an aeroplar 



1 flight, 



of a plane, 13 
Ader, "Avion," 176, 179 
Aerofoil, shape of, 10, 174 

Term explained, 224 
Ailerons, action of, 203, 208, 229 

of Antoinette, 137 

ofBldriot IX,, 150 

of Cody, 174 

of Farman, 155, 169, 170 

Term explained, 229 
Air, cooling of engines, 30, 43, 53, 
54, S7> 83, 84 

Resistance of, 236 

Table of relations between volume 
and weight, 237 
Alexander prize, lubrication con- 
ditions of, 34 
Aluminium, use of, 31, 32 

of entry, 233 

of incidence, S, 'S. "3. 127, [37, 

146, 152, 158, 160, 200, 

204-205, 233, 241 
Sine of, 19, 240 
Tangent of, 20. 240 
Trailing, term explained, 234 
Antoinette aeroplanes, 136-141, 

176-177 
Control, 138, 141 
Cooling system, 1 39 
Dimensions of aeroplane, 139, 

141, 176-177 
Engine, 38, 161 
Propeller, 138, 177 
Suspension of, 140 
Wing area of, 136, 176 177 
A nzani engine, 54, 145, 150 



Ash, resilience of, t24 

Use of, 117, 147, 152, 164, 169 
Aspect ratio, term explained, 232 
Aster engine, 65 

Attachment of guys, 130-132, 169, 
227 

of members of fusilage, 130, 164, 
169, 226 

of struts, 132, 164, 169, 226 
Automatic warping, 5 
Aviators, 214 



Balance, longitudinal, 204, 224 
Static, 203-204 

Bamboo, use o^ 117, 118, 151, 
153, 174 

Banking up m tummg, 206-207 

Bending in a wing, 131, 226 
moment in an aeroplane, 139 
Properties of materials in, 125 
Resilience of materials in, 125 
Ultimate loads in materials in, 

125 

Blades of a propeller, concavity ol 
fece, 99 

Dimensions of, 99 

Griffith's rule, 103 

Material for, 98 

Root of, stresses in, 99 

Seaion's formula, 101 

Shape of, 97, 9S 

Stresses in, 97 

Tip velocity, 98 
BMriot, Channel- flight of, 188 

control, 148-149 

Cross-country flights of, 2, 179 

Direct connection of engine and 
propeller, 8 
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Bl^riot, flights by, 37, t46, 179. 
184, 186-187 
fusila^e, construction of, 130, 146 
Machine XI., horse-power re- 
quireij, 28 
Thrust required, 28 
Other details, 146, lyd-i-jj 
Main planes, 146, 176-17? 
Method of attaching spars, 130 
Supplementary surfaces, 147 
Suspension of, 148 
Booms, see " Spars, main," also 

page 132 
Boyer- Guillon, propeller experi- 
ments, .110, III 
Bracing-wire, 24 {see also "Guys" 

and "Wire") 
Breaking loads of fabric, I22'i23 
of materials, 126 



Camber of wings, 147, i 

164,227 
Carbonisation, effect of, 33 
Carburaiion, efficiency of, 2 

for aerial engines, 34 

Lack of heat supply, 36 

of engines, see various en 
Carburettor, Anzani, 55 

E.N.V.. 72 

Gnome, 46 

Gobron'Brillie, 64 

Green, 76 

Necessity for, 36 

Pipe, 61 

R.E.P,, 53 

Simms, 77 
Cayley, Sir George, and . 
Centre of gravity, 1 5, 23, 202-204 

of pressure, 15, 203-209 
Centrifugal force in turning, 207, 

Chassis, BlSriot, 148 

Esnault-Pelterie, 116, 142,229 

Term explained, 238 

Voisin, 1^ 
Chatley, Professor H., formula for 

propeller, 105 
Chauvifire propellers, 99, 100, 106, 



'50 
Details of, 99 



Chord, length of, 10 {see various 
aeroplanes) 

Term explained, 231 
Clarke, T. W. K., arrangement of 
planes, 214 

Glider, 16, 120, 159, 198, 199, 204, 
210 

on propellers, 87 

on shape of blades, 98 
Cody chassis, 174 

control, 175 

Flights by, 184, 187, 189 

machine, 173 

main planes, 174 

propellers, 175 

Supplementary surfaces, 174 
Coefficient of traction. 28 
Compression, properties of mate- 



126 



'33 



Connecting rods, Anzani, 54 

Gnome, 47 

R.E.P., 52 
Construction, materials of, 115 
Control, Antoinette, 138, 141 

Arrangement of, 199, 225, 229 

Bldriot, 148-149 

H. Farman, 170 

M. Farman, 172 

Manipulation of, 202-210 

R.E-P,. [43 

Santos Dumont, [52153 

Voisin, 165 

Wright, 162 
Continental fabric, [23, [47 
Cooling system, Antoinette, 139 
Curtains, side, 230 {see itlso "Voisin 

Curtiss ailerons, 172 

engine, 172, 178 

Flights by, 186-187 

machine, 171, 178 

planes, 171, 178 
Cylinders, arrangement of, 29, 40, 
43. 5'. 54, 57.62.73. 76, 242 

Distortion of, 33 

Lubricaiion of, 33, 243 

Steel, 31, 43, 65, 66, 67, 73 
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Deflection of air stratum, 13 
Delagrange aeroplane, 176 

Fatal accident to, 195 

Flights by, 180, 185 
Design of an aeroplane, 26 
Development, future, 2i 1 
Diameter of a propeller, 87, 88, 107 
Difficulties of the learner, 198-199, 



Dihedral angle of Antoinette, 139 

of BMriol, 147 

of Santos Dumont, 152 
Dimensions of aeroplanes, se 
" Planes," also see 
various machines 
Direct lift, aig 
Direction of flight, 302 
Disc area of propeller, 89-91 
Distance to be travelled at star 



the 



27 



Dun lop fabric, 123 

Duthiel- Chalmers engine, 31 
Dynamic resistance of a moving 
plane, 14 
Lanchester's value, 15 
Dynamic support, 12 

Economy of fuel, 35 

of oil, 33 
Eddy currents, produced by a plane, 
14, 137 
Propeller, 100, 105, no 
Relation between, and velocity, 
14 



162 
Thrust, III 
Elevator, position of, 8 (j« also 

various machines) 
Term explained, 224-225 
Engine, essential features of, 38, 

83,84 
Position of, 8 
Power of, 27, 83, 84 
Problems, 31 
Reliability of, 30, 216 
Tables of leading dimensions, 

83,84 
Types of, 29 
Vibration, causes of, 39 
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Engine, various makes of — 

Antoinette, 38, 84, 161 

Anxani, 54, 84 

Aster, 65, 84 

Curtiss, 172 

Darracq, 65, 84 

Duthiel- Chalmers, 31, 83 

E.N. v., 68, 83, 84 

Esnault-Pelterie, 51, 83 

Gnome, 29, 43, 83 

Gobron-Brillie, 62, 83 

Green, 73, 83 

Lamplough, 342 

N.E.C. or Mort, 79, 84 

N.G.A., 82 

Pan hard, 65, 84 

Pipe, s6, 83 

Simms, 76, 83 

Wright, 66, 84, 162 
Engines, table of dimensions, S3, 84 
Entrant edge, 331 
Entry, angle of, term explained, 
324-325 

Phillips', 10 
Esnault-Pelterie aeroplane, 142- 
143, 176-177 

construction of fusilage, t6, 116, 
328 

control, 143 

covering of fusilage, i3o 

engine, 51 

Ordinary manosuvring, 209 

Surface, area of, 143, 176-177 

Suspension, 142 

Weight of machine, 143, 176-177 
Experiments with propellers, 163- 

114 
Exploration by aeroplane, 216 



Fabric, Continental, 122 
Dunlop, 123 

of Henson's machine, 34 
Method of fixing, 121, 134, 171 
Requirements of, 121, 134 
Scottish, 123 

Farman, H., aeroplane, 120, 168, 
176-177 
ailerons and control, 170, 230 
Direct connection of engine and 
propeller, 8 
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Farman, H., flights by, 27, 158, 168, 
190.191 

Planes, dimensions of, 169, 170, 
176-177 

Position of aviator, B 
Farman, Maurice, aeroplane, 173 

Flights by, 190-191, 195 

Span of machine, 172 
Feed of the medium to a propeller, 

104 
Ferber, Captain, fatal accident to, 
8,190 

Flights by, 185-186 

Kule for lateral stability, 17 
Fixed point thrust, 91, 104-1 14 
Flight, path of, 200, 212 
Flying speeds, table of, 240 
Force, centrifugal, in turning, 206- 
zog 

under the wings, 207 
Friction of an aerofoil, 14 

of a propeller, 99, 103, 107, 108 

at starting, 27 
Fuel for aeroplanes, 213 

Consumption of E.N.V. engine, 
72 

Economy, 35 

Feed by pumping, 35, 66 
Fusilage, see " Chassis " 
Future development, 211-216 



Gap, term explained, 233 
Gauchissemeni, action of, 203, 3a;, 
206, 234 

Attachment of wires, 132 

Bl^riot system, 148-149, 234 

Esnault-Pelterie, 143,234 

M. Farman, 172 

Method or actuating, 141 {see 
also " Control ") 

Santos Dumont, 153 

Term explained, 234 

Wright, 162, 234 
Girder, forms of construction, 129 
Glider, Clarke, 120, 159, 197, i99i 

204, 2IO 

Naval, aoB 
Gliding angle, 233 

for beginners, 197 
Gnome engine, 29, 43-50, 100 
Gobron-Brillie engine, 62 



Grade, flights by, 191, 192 
Grahame-White, flights by, 183. 193 
Gravity, centre of, 15, 23, 202-204 
Green engine, 73 

Cylinder bolts, 32 
Gritfith's rule for propellers, 103 
Guns, aero, 214-221 
Guys, 5, 119, 129, 131-133. '40, 
164, 169, 226 



Head resistance, of an aeroplane 
93, 137-129 
stress produced by, 129 
Henson construction, triangulation 



Date of patents, 3, 21 

Machine, 21-24 

Model dimensions, 3 

Shape of wings, 9 
Hollands, S., experiments with 

propellers, 105 
Horse-power of engine, 26, 38, 163 

required for an aeroplane, 28, 
35, 108, 161, 176, 178, 211 

and thrust, relation between, 19, 



108- 1 






Ignition of Antoinette engine, 41 
of Anzani engine, 54, ;;, 56 
Duplicate, 213 
E.N.V., 72 

Esnault-Pelterie, S^, S3 
Incidence, angle of, 5, 15, 113, 127, 
i37t "46, 152. 158, 160, 
200, 204-205, 2,13, 24r 
Indication of landmarks, 213 
Inertia of machine, 7, 206-209 
be carried, 213 



io6 

Lambkrt, Count de, flights by, 

162, 181, 186, 190 
Lam plough engine, 242 
Lanchcster on air strata under 
planes, 13 
on aspect ratio, 232 
on dynamic resistance, 15 
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Lanchester on Phillips' theory, 13 
on Wright propellers, io6, 113 
on Wrighi and Voisin machines, 
155-163 
Landmarks, 213 
Langley,experiinehtson air affected 

by plane, 13 
Latham, flights by, 5, 38, 136, 181, 

185-187, 190, 193 
Learning to Jly, 5, 6. 3, 196-210 
Lefebvre, fatal accident to, 8, 189 
Length, conversion tables of, 238 
Lid, increa.se of, 11 
Load, distribution of, in an aero- 



plar 



129 



Location of centre of pressure, [5 
of engine, Henson's theory, g3 
Lubrication failure causing break- 
down, 33 
Mechanical, 33 
Problems, 32-J3 
of various engines — 

Antoinette, 41 

Darracq, 66 

E.N.V., 70 

Esnault-Pelteric, S', 53 

Gnome, 50 

Green, 76 

Simms, 77 

Mort, 82 



Magneto drive of Darracq, 66 

ofE.N.V., 72 
Main planes, see " Planes " 
Materials of construction, 115 
Maxim, experiments with pro- 
pellers, 105, 107 
Micbelin cup won, 184 
Military aspect, 21 j, 220 
Modulus of elasticity of materials, 

125-126 
Momentum of an neroplane, 209 - 
Monoplane, area of susteniation, 4 

Construction, flexibility of, 5 

Manipulation of, 200 

Velocity of, 4, see also various 
machines ; see also "Velo- 



Moore-Brabazon and Green engine, 

73, '82 
Mort engine, 79, see also N.E.C. 

Neale, flights by, 193 
N.E.C. engine, 79, 84 
N.G.A, engine, 82 



Ogilvie, Alec, flights by, 183, 192 
Gliding experiments, 16, 17, 156, 



227 



134, 157, 163, 174. 



Panhard engine, 65 
Passenger carrying, 27, 161, 203 
Paulhan, flights by, [87, 188, 190- 
19!. 194 

Lubricant used by, 34 
Phillips' entry, 10 

Shape of aerofoils, 10, 204 
Pipe engine, 56 
Pistons, Gnome, 45, 47 

Lubrication of, 33 

Steel, 31, 46 
Pitch ratios, 113 
Planes, action of, 13 

Antoinette, 139, 177-178 

m^riot, 147-148, 176-178 

Cody, 174, 178 

Cuniss, 171, 178 

Explanation of term, 223 

Farman, H., 168-169, '77-178 

Far man, M., 172 

R.E.P., 142-143, 177 

Superposed, 223 

Supplementary, see " Surface, 
supplementary " 

Voisin, 158, 162, 164, 177-178 

Wright, 155, 162, 177-178 
Pockets in single surfaced planes, 
--- - 14, 169,232 
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Difficulty of judging, 7 
Pouleur, H., method of calculating 

thrust efficiency, 1 1 1 
Power required, 28, 35, 108, 161, 

176-178, 211 
Source of, 212 
Pressure, centre of, moving, 205 
on surfaces, 339 
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Problems, balancing of Gnoine 
valves, 46 
Carburation, 34 
Cylinder distortion, 45 
Engine, 31 
Lubrication, 31, 32 
Propeller, 8^-114 
Projected area of propeller blades, 

103 
Propellers, air moved by, 92, g?, 108 
Blades of, 97-99, 103 
Boss, stresses in, 99 
Calculations, 93-96, 108-114 
Chauvi^r^ 99, loo, 106, 178 
Classes 0^ 87, 103 
Design, variables to be con- 
sidered, 87 
Disc area, 89-91 
Efficiency of, loz, 106, iii, 162 
Friction, skin, of, 99, 103, loy-ioS 
Horse-power required, 96, 108, 

no 
Increase of pitch, 98, 108 
Limit of thrust, 107 
Limiting diameter of, 88 
Number of blades, 85, 87 
Pitch, constant, 99, ro8 
How to find, 92, 113 
Relative efficiency of high and 

low speed, 104, III, 113 
Resistance of, 34, 86 
Shape of blades, 87, 99, 103 
Slip of, 88, 104, [og 
Stress produced by, 129 
Thrust against a fixed point, 91, 
105, 114 
How to find, 93, 96, 105 
Variation of slip, pilch, and speed, 

Various types^ 

Antoinette, 138, 178 

Cody, 175,178 

Esnault-Peherie, 143 

Fannan, r69, 178 

Voisin, 113, 160, 178 

Wright, 106, 113, 158, 178 
Wooden, 116, 178 
Work doneby,9i,92, 96, 105, 109 
Pumping air and gas into engine, 
80, 242 , 
fuel into engine, 35, 67 



Radial engines, 29, 30, 51, 54 
Radiation, methods of, M«"Cooling" 

problems, 30 
Records, biplane, 180-181 

Monoplane, 179 

at Rheims meeting (1909), 179 
Reliability of engines, 30 
R.E.P., see "Esnault-Pelterie" 
Resistance of curved surfaces, 15 

of flat surfaces, 15, 225 

Head, of a machine, 93, tl8, 20O 

Lateral, of a machine, 207 
Ribs of a main plane, 119, 140, 156 

164, [69, 171, 226 
Roe, A. v., flights by, 193 
Rolls, Hon. C. S., flights by, 183, 
191-192, 194 

on gliding, 198 
Rotary air compressors for two- 
cycle engines, 80 

engines, 30, 43. 2"8 
Rudder, term explained, 225 

SakETV, conditions of, 4, 220 
Santos Dumoni aeroplane, 151, 
176-178 
chassis, 151 
control, 1 53 
engine, details, 66 
Horse- power, 28 
Position, 151 
Flights by, 151, 185, 189 
Main planes, 151, 176-177 
Propeller, T53, 178 
Searight, T. P., glider, 16, 17 
Seaion,A.E., application of formula, 
103 
Calculation for propellers, 102 
Seizure due to distortion of cylin- 
ders, 33 
Elimination of, in Gnome pistons. 



Liability in 
53.61 
Short Brothers, timber used, 1 
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Sine of an angle, 19, 240 

Skids, term explained, 228 

Skin friction, of an air propeller, ro7 

limits diameter of water pro- 
peller, 103 

and production of eddies, 14, 27 
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Slip and thrast, relation between, 

109, no 
Smith, Holroyd, fan experiments, 97 
Soaring, velocity of, 6, 200 
Sockets, aluminium, 130, 131,227 
Sommer, ftighls by, 187, 188 
Span of Antoinette, 139, 176-177 

of Ill^riot, J 48, 176-177 

of Farman, r68, 177 

Limiting of materials, 125 

of Santos Dumont, 152, 177 

Term eKplained, 230 

ofVoisin, 160, 164, 177 

of Wright, 15s, 177 
Spars, main, [18, 119, 133, 226 
Speed, see " Velocily " 
Splash lubrication, 53 
Spruce, use of, 117, 15;, 172 
Stability, conditions of lateral, [5, 
20S 

Early methods of obtaining, 16 

Longitudinal, conditions of, 17, 
"57 

Means of obtaining, 16, 163, 169, 
172, 174 

Regulation of, 202, 203-205, 225 
Steel for crankshafts, strength of, 
60 

Cjrlinders, 31, 43, 65-67, 73 

Pistons, 31, 46 
Stresses in a fusilage, 1 28-129, 
228 

Due to a propeller, 129 

in a propeller blade, 97, 98 

in a wing, 131, 226 
Stretching J screws, 119, 129, 130, 

227 

Structure, girder form, 129 
Struts, position of, 119, 130, 132, 
"55t i*>4. '69, 174, 32&- 
227 
Superposed planes, 223 
Surface, area of, Henson's, 35 
Supplementary— 
Antoinette, 137, 141 
BWriot, 147 
Cody, 174 
Farman, H., 169 
Farman, M., 172 
Future aeroplanes, 219 
R.E,P., 143 



£X 251 

Surface, Supplementary- 
Santos Dumont, 152 
Term explained, 224 
Voisin, 164-165 
Wright, 156-157 
Surfacmg, methods of, 119, 120, 

'47. 156, 171,232 
Suspension of machines, 134-135, 
140, 142, 148, 166, 171, >7z 
of wings, 24 
Sustentation, area of, Antoinette, 
136, 141, 177-178 
Bleriot, 148, 150 
Cody, 17S, 178 
Farman, H., 165, 177-178 
Farman, M., 172 
Santos Dumont, 152, 177-178 
Tables of various machines, 

176-178 
Voisin, 158, 164-165, 177-178 
Wright, 15s, 177-178 

Velocity of, 6, 1 16, 232 

in relation to weight, 18,25,178 

Tables of air, volume, and weight, 
237 
of angles, 240, 241 
I Biplanes ai Rheims, 181 

Engines at Olympia (1909), 83, 84 
Fabric, 122 123 
Flying speeds, 240 
French flyers (1909), 177 
Lengths, conversion of, 238 
Modem engines, 84 
Monoplane records, 179 
Monoplanes and biplanes, Paris 

(,908), 176 
Prominent machines, 178 
Strength of materials, 125-126 
Weights and measures, 239 
Wind pressures, 239 
Tail of Henson's machine, 22 

of machines, 121 
Tangent of an angle, 20 
Tension, properties of materials in, 
126 
I Terms in flight, 223-234 
I Thorpe's tables of strength of 

materials, 125-126 
' Thrust against af)>;edpoint,9i,[04- 
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Tbnist bearings for propellers, 34, 

50, 52, 60. 6g 
Chatley's formula, 105 
Efficiency, III, 162 
and horse - power, relation be- 
tween, 19, 106, 107, 1 10, i6i 
Horse-power required, 28, 161-162 
Limit of, in a propeller, 107 
and slip, relation between, 109, 



' H' ■ ■ 
Traction, coefficient of, 28 
Trailing angle, term explained, 234 
Tubes for framework, 116, 228-229 
Turning in flight, 206-210 

Moment due to shifting centre of 
pressure, 1 5 
Two-cycle engine, 79, 242 



U-wiRE stretchers in Bl^iot 
machines, 130 

VALVES, E.N.V., 70 

Esnault-Pelterie, 53 

(inome, 47 

Gobron-Britlie, 63 

Hreen, 75 

N.E.C., elimination of, So 

Pipe, 60 

Simms, 78 

Wright, 67 
Variables in propeller design, 87 

Wing area, 24, 218 
Vee engines, 30, 69, 242 
Velocity, critical, s, 143-147, 200, 
209 

of flight, tables of, 240 

of flight, 4,26, 143, 155. 158, 17S, 
209, 218 

Power required for, 35, 178 

of sustentation, 6, 143, 147, 178, 
209, 232 

Whirling, limiting, 125 
Vertical engines, 30, 67, 75, 80 
Vibration of engines, 39, 8j 
Voisin aeroplane and Farman's 
flights, 168 
Manipulation of, 202, 234 

Machine, 154, 158 

Passenger carrying, 161 



Voisin aeroplane, power of engine, 
161, 177 

Propeller, 113, 160, 166 

Span of, 164, 177 

Timber used by, 1 17 

Weightofmachine, 158,167, 177 
Vortex behind a propeller, 100, 104 

Walker, W, C, propeller experi- 
ments, 105 
Warping of wings, see " Oauchisse- 

Water circulation of Antoinette, 41 
of Gobron-Brillie, 64 
cooled engines, 31, 83 
jackets of Antoinette, 40 
Elimination of, 30 
of E.N.V., 72 
of Green, 74 
of Simms, 76 
of Wright engine, 67 
Webs, 226 

Weight of aeroplanes, Antoinette, 
T41 
Bl^riot, 148 
R.E.P., 143 
Santos Dumont, 153 
Various tabulated, 176-177 
Voisin, 158, 160, 167 
Wright, 155, 160 
of engines, 81, 172, 182 
Falling, for starting, 27, 159, 200 
of fuel carried, 35 
and hoise- power, relation be- 
tween, 19, 76, 178 
of machine, 26, 176-178 
of magneto, 81 
of materials, 125-126 
and measures, conversion of, 239 
Method of supporting, 1 19 
of radiator, 81 

sustained by a plane, 13, 18, 25, 
.78 
Wheels, 134-135, 142, 148, 151, 160, 

166, 170 
White, Sir W. H., on high and low 
speed propellers, 104, 106 
Wind, velocity of, 209, 239 
Wings, see " Planes " 
of Henson's machine, 23 
Suspension of, see " Wire " 
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Wings, variable surface, 24 

Varying pressure under, 205 
Wire bracing' of structure, 119, 129, 
131-132, 140, 164 
of wings, 24, 119, 140, 143, 148, 
152, 156, 163, 169 
Stress in, 129, 143, 148 
Wireless telegraphy, 315 
Wood, principal features of, 116 
Strength compared with steel, 



Use 



116 



"S 



See also " Ash," "Spruce," and 
"Bamboo" 
Work done by a propeller, 91 
required to propel an aeroplane, 
27, '78 
Wright brothers machine, angle of 
incidence, 162-163 
Carrying capacity, i5i 
Construction of planes, 119 



Wright brothers' machine, control, 

162, 225 
Cylinders, 67 
Engine, 66, 84, 161-162 
Gauchissemeni, 162-163 
Methods of obtaining stability, 

16 
Planes, 155, 162, 177-178 
Power and area, 161, 178 
Power of engine, 162, 177-178 
Propellers, 106, 113, 158, 178 
Supplementary surfaces, 157 
Span, 15s, 177, 178 
Sustentation, area of, 1 55, 177, 

,78 
Velocity and sustentation, 128, 

178 
Weight of, 15s, 177-178 
Orville, flights by, r87-l88, 190 
Wilbur, flights by, 184 
Work, 154, 197 
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